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A.l. 1 

APPENDIX I. ~vsis of Conglomerate Composition. 

In theory, by analogy with point counting proceedures, the 

analysis of conglomerate composition involving 13 rock types would 

involve identification of over 1000 individual pebbles. As such a task 

would be very time consuming and even more tedious an assessment of the 

possible means of evaluating composition have been considered. 

Clearly, for practicality, the total number'of pebbles 

counted in each sample must be reduced. and the prime concern must 

therefore be to ensure that ,the sample measured is representitive of the 

whole and that the results 'are purely objective. 

Several methods of sampling were considered I 

1. measurement of a fixed total number of clasts, 

2. measurement of all clasts in a pre-defined area, 

3~ e=ection of a grid, and ~election o! 1nterssctions on grid as 

. sample points using random number tables, 

4. erection of a grid of fixed Size, "and identification of clasts 

at grid btersections. 

" Although each proceedure produced relatively consistent results, 

the first two methods were considered to be yery much o~n to?perator 

en'ora. When a free salection of clast types or sizes is given, the 

first t.wo methods would allow 'easy' clasts to be preferentially selected, 

or smaller 'difficult" clasts to be rejected. 'The third method is one 

frequ·sntly applieu. to overcome sampling problems, but as a field technique, 

proved to be too cumbersome. The fourth method satisfied most requirements • . , 

'>! 

EE.sen"Ue.lly, E', grid was constructed ( a perspex template for 
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finer grades, and a 'square' string net for coarser grades) and a positive 

identification of clast type made at each intersection. Where intersections 

coincided with clast contacts, the site was rejected and the grid area 

extended such that a total of 100 clasts were measured for every sample 

station. 
.. 

By this method an unbiased and relatively accurate assessment 

of conglomerate composition was achieved, and results were found to be 

quite reproducable. In oVder to reduce subjective errors further, the 

~esults were not computed,or recorded' in clast type groups until a complete 

stratigraphic section had been sampled. 

Sample points were, as far as possible. made at equally spaced 

stratigraphic intervals. 

'. 
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APPENDIX II. Separa tion and Analysis of Clay t-1inerals. 

Clay minerals show an integral series of reflections, most 
o 0 

useful over the range JOA - J.5A. During the present study, ~-ray 

diffractograms of whole rock samples were obtained by a method outlined 

below. 

Several methods of preparation of X-ray diffraction mounts 

are at present in use, the following methods were considered. 

(1) gravity settling of the < 2f fraction onto a microscope 

slide, 

( ii) slurrying Or the < 2)1 fraction onto a microscope slide, 

(iii) centrifuging the < 2)1 frac~ion directly onto a microscope 

slide, 

( i v) separating and drying the < 2)1 fraction and preSSing this 

into'a pellet • 

. (v) separating the < 2p fraction and adhering this onto a 

porous silica tile. 

All of these methods were found to be quite adequate, none 

giving better results than others. Hethods 1 and J produce well-oriented 

preparations, and theoretically allow pref~rential emphasiS of the c-axis 

reflections. Overall, methods 1 to 4 were found to be extremely slow, 

and the resulting mount delicate, Particularly if any attempt is made 

to heat or glycolate the separations. Nethod S was developed during this 

stUdy, and although non-oriented mounts are produced, the resulting 

dlffractograms proved adequate and highly reproducable. The proceedure 

employed is as followsl 

1. whole rock samptes crushed and dispersed in distilled water 

co.~talning a deflocculating agent (2% sodium hexametaphosphate ). 



Reservoir Block 

~-----, . Upper Neoprene Gasket 

~------- Porous' Tile 
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Vacuum Block 

Vacuum Pipe 

Block diagram of the, 'vacuum apparatus' devel'oped during 

the present study'. 
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Dispersion is assissted by use of an ultrasonic bath. 

2. The resulting suspension is centrifuged in a manner described 

by Allman and Lawrence (1972) •. Essentially, the centrifuging time is 

calculated from centrifuge dimensions, . rotation-speed,' and particle-size 

remaining in suspension. 

3. The resulting suspension is decanted into the reservoir chamber 

of the specially constructed vacuum block illustrated in the adjacent 

figure (figure A.II.1). 

4. By application of a vacuum to the vacuum-block the suspension 

is drawn through the porous tile and the suspended sediment ( 1f clay 

fraction) firmly adhered onto the tile. 

5. Continued application of a vacuum rapidly dries the tile, and 

the resulting mounts have been found to be extremely durable, and neither 

heating norg1~olation have proven detrimental to such preparations. 

6. The mounts were glycolated (Brunton 1955) after being run 

at 10 26 / minute from ;0 26 to ;50 26, and at 1/80 29 / minute from 

24 to 270 2e. After glycolation, the mount waS re-run over the whole 

range at 10 26 / minute in order to test for the presence of expanding 

clays. The Slow scan proceedure was employed to separate chlorite and 

kaolinite peaks rather than alternative heating methods. 

Although ceramic tiles or sinters are commercially available, 

ordinary domestic 'bath' tiles were cut and the glaze removed for the 

present study. Random checks of tile quality were made, and only quartz 

peaks detected in the diffractograms. 

No universally accepted system has been developed for the routine 

quantitative analysiS of clay mineral mixtures, essentially due to the 

variability in chemical and etructura1 properties, the refracting ability 

being largely dependant on, composition, poly type , degree of crystallinity, 

and even grain-size. 
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With these"prob1ems in mind, and the fact that the principal 
- ' , . 

interest is in the relative proportions 'of clay minerals rather than in 

absolute amounts, peak height ( or rather peak area) ratios have been 

employed during this study to indicate relative proportions of clays. 
'l' f ~ ,t ~ , >'~' \," 

Peak area is chosen in ;'~fer~nce t~ simply peak height as peak '8:r;~ does 
"~ 1-,'~" /'1\.'" ~,i ,<~,. i ~,'w',/>-e.:'~, ,:.-; "·d .... '; 

at least compensate in some way for the crystallinity of the clay speoies 
~ . .:~ t-:'.: ,>" r; . 1 

being measured. 

'~, ;'-.. , ~ .' 
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APPENDIX III. Chemical Analysis ~roceedures. 

During the study of the red-beds of the Gamrie and Rhynie 

outliers, whole-rock analysis of sandstones, siltstones, and mudstones. 

were undertaken in order to determine the following major elements as 

oxides. Two major proceedures were necessary. 

(i) the determination of ferrous-iron, 

(ii) the determination of total-iron ( as ferric-iron ). 

and the determination of MgO, MnO, CaO, K20, Na
2
0. 

A. Proceedure adopted for the determination of ferrous iron. 

1. ) - 50mg. of crushed sample weighed into a perspex vial. 

2. Add O.1ml. of 0.14N ammonium vanadate solution plus lml. hydrofluoric 

acid. (The ammonium vanadate causes the immediate oxidation of 

all Fe 2 to Fe) and the liberation of an amount of V4 . equivalent 

to the amount of Fe) generated.) 

). Allow to stand for up to 72hrs. to: complete the decomposition 

(ie.· no gritty residue, but various light "fluffy" flour ides 
• 

may be precipitated.) 

4. Complex the hydrofluoric acid by the addition of5ml. of beryllium 

sulphate solution ( 50% weightlvolume). Shake ton a shaker hotplate) 

to dissolve the fluorides (up to 2hrs. ). 

5. Wash into a 100ml. volumetric flask containing Sml. Dipyridyl solution ... 
(0.15 % weightlvolume) plus 10m1. (50 % weightlvolume). ammonium 

acetate diluted to approximately SOml. with distilled water. Make 

up to volume, shake; and stand for at least )0 mins. 

{ The ammonium acetate brings the pH to approx. 5. .where the reverse 

reaction from 2 above occurs. In the presence of the Dipyridyl 
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solution, the regenerated Fe2 causes proportionate reddening). 

6. The absorbance of this solution is read at 525nm. in 1cm. cells 

against water in an absorption spectrophotometer. 

7. If the absorbance is greater than 0.8, the solutions are diluted 

25m1. I SOml. and re-read. 

SOLUTIONS US!!.,!). 

A. Beryllium Sulphate (50 % weightlvolume) dissolve 250g Beryllium 

Sulphate tetrahydrate (Ana1ar) in water and dilute to jOOml. 

B. Ammonium Acetate ( 50 % weightlvo1ume) dissolve 2jOg Ammonium 

Acetate (Analar) in water and dilute to jOOml • 

. C. - 2,2' DipyridYl (0.15 % weight,volume) dissolve 0.75g Dipyridyl 

(Analar) in water and dilute to SOOml. 

D. O.14N (approx) Ammonium Vanadate dissolve 8.2g ammonium metavanadate 

(Analar) in 500ml. 2N sulphuric acid. ( Prepare the 2N sulphuric acid 

by adding 28ml. conc. sulphuric acid slowly to 300ml water, mixing 

and allowing to cool, and then diluting to SOOml.). 

B. Proceedure adopted for the determination of major elements 

as oxides. 
" , 
"'~, 

,1. 100mg. of crushed sample weighed into a teflon 'bomb', moisten 

with 0.5ml aqua-regia'and add 5ml hydrofluoric acid. 

2. Insert 'bomb' into steel case and heat at 110 - 120°C for 2t - 3hrs. 

3. When cool, transfer contents into a polystyrene vial containing 

2g. boric acid, wash lid and Sides of container scrubbing with a 

polythene rod. (Do not exceed 70ml. total volume ) 

4. Warm gently to dissolve fluorides. 

5. Cool solution a~ dilute t0200ml in a volumetric flask. Transfer 

immediately to plastic bottle. 



6. The solutions are measured in standard concentrations against 

standards on an atomic absorption spectrophotometer. 

. .. 
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Moray Firth 

Figure 1 . 1 outcrop map of the Gamrie Outlier showing the 

distribution of Lower and Middle Old Red Sandstone 

sediments . 
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Generalised map of the northern portion of the Gamrie Outlier showing the location 
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Figure 1.3 Summary of lithofacies distribution in the 
Western Coastal Section. 
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e 1.6 logs froQ the Crovie Sandstone Formation showing the nature of 

lliddle (B) , and. upper (C) portions of the sequence . 
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Figure 1.7 Detailed field log 

through a portion of the 

Crovie Sandstone Fmn . 

sequence , showing form. 

and relationships within 

the sequence . 

flat bedded sandstone . 

cross stratified sst . 

thin lenses of sst . 

sheets of cross-laminated sst . 

sheet of almost massive sst , rare 
ripple lamination. 

calcareous nodules . 

siltstone with sst lenses. 

cross-stratified sst with silt 
films on foresets : 

conglomerate , with crude cross­
stratification . 

channel erosion . 
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Relative Thickness 

Crovie Sandstone Formation . 

~igure 1.10 ' Smoothed ' time trend of siltstone thickness 

throughout sediments of the Crovie Coastal Subsection . 



Figure 1.11 Li thoprofiles showing the • composi tion' of the Lower. Middle, and Upper ~1embers 

of the Crovie Siltstone Formation. 
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Figure 1.13 

Formation 

massive siltstone 
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desiccation cracks 

serving 
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coarse and fine unit alternation. 
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massive siltstone 

thin rippled sst sheets preserving 
desiccation cracks 

. desiccated massive graded sst units 

climbing ripple-laminated sst 

flat bedded sst 

ripple-laminated sst 

ripple-laminated sst 

Figure 1.13 Detailed field log through a portion of the Crovie Siltstone 

Formation showing the general relationships between the 

coarse and fine unit alternation . 



Figure 1.14 Map showing the generalised structure of 

the western Coastal Section, name1y.­

(A) the Troup Head Fault, 

(B) the Afforsk Fault, 

(C) the Findon Fault. 

It is likely from the parallel fault trends that 

the Troup Head Fault passes as shown to the south 
'. . 

of Craigendargity and'B1ack Stones (an outcrop of 

Dalradian). 

It is therefore considered possible that a 'normal'· 

unconformity may exist between Black Stones and 

Craigendargity, thus allowing a considerable thickness 

of Crovie Sandstone (exposed at Craigendargity) to 

exist. (sequence X) 

Similarly, the strike of the Crovie Cong10merate(D) 

is similar to the strike of the Crovie Sandstone 

exposed at the Snook (E). It is also therefore 

possible that these two short sections are also 

connected, providing a similar thickness of Crovie 

Sandstone / Crovie Conglomerate. (sequence Y) 
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Figure 1.16 Selected field logs through the East Harbour 

Formation (lower member). 
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Selected field logs through the East Harbour 

Formation (upper member) . 



red mudstone 

laminated mudstone 

sheets of calcareous nodules 

thin lenses of sandstone 

wavy-bedded sandstone and siltstone 

ripple-laminated sst 

climbing ripple-laminated sst 

o intraformational conglomerate 

figure 1 .18 Detailed field log through a portion of the East 

Harbour Formation showing general lithofacies relationships 

within the sequence. 
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Figure 1.19 Litho~rofi1es showing the 

' com~osition ' of the East 

Harbour Formation • 
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Figure 1.20 'Smoothed' time trend of major 

lithofacies in the East Harbour 

Formation. 
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Summary of bed thickness data for the East Harbour Formation. 
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Figure 1 . 22 Generalised geological map of the western portion of the Gardenstown Coastal subsection . 
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Figure 1.24 'Smoothed' time trend of sandstone unit thickness 

in the west Harbour Formation. 
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Figure 1.25 Illustration of the increasing redness of sandstone 

units in the West Harbour and Castle Hill Sandstone Fmns. 
Colour values are average for relative stratigraphic level. 
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Figure 1.26 Selected field logs through the West Harbour Formation 

showing the distribution of 'coarse' and 'fine' units. 
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Figure 1. 27 A colection of portions of field logs used to demonstrate 

the general form and interrelationships of lithofacies 

within the lower member of the West Harbour Formation . 
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Figure 1. 28 Summary of bed thickness data for the West Harbour Formation. 
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Figure 1. 29 Collection of portions of field logs through the upper member 

of the west Harbour Formation showing the general form and 

interrelationships of lithofacies . 
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Figure 1. 33 Geological map of the eastern portion of the Central Coastal Section . 
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Figure 1.46 Field log through the New Aberdour Siltstone Formation. 



Figure 1.47 
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A reconstruction of the average Siltstone Formation cycle 
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massive siltstone with sheets 
of carbonate nodules 

thin lenses of rippled sst 

thin sheets of rippled sst 

multiple thin shhets of rippled sst 

Soc.""" thin sheets of massive sst 

o 

sst with convolute bedding 

climbing ripple laminated ssts 

largely massive sst , graded, with 
convolute bedding 

Figure 1 .48 Detailed field log through a portion of the New Aberdour 

Siltstone Formation sequence demonstrating the general 

nature of the coarse units of cycles . 



Figure 1.49 Detailed log 

through the coarse 

member at the top 

of the New Aberdour 

Siltstone sequence. 

" 

metres 
1 

0'5 

o 

sheets of carbonate nodules 

wavy-bedded sandstone 
and siltstone 

massive siltstone 

trough cross-stratified 
sst ., with thin gravels 

thin gravel sheets 

ripple laminated sst 

massive siltstone 

small channel infills 

wavy-bedded sst and 
siltstone 



/l\I\ 

o 

Figure 1 . 50 

o 

/ ", - - ..... , --, -- , 

----- ..=.==--- --

--_._--- -

------- -- --.,_ ........ -

Upper Findon Conglomerate 

erosion 

red brown siltstone with 
abundant calcareous nodules 

grey green silty mudstone 

grey mudstone with poor 
organic- carbonate-clastic 
lamination . 
abundant fish bearing nodules 

grey green plant bearing 
mudstone 

massive grey mudstone 

hollows infilled by silt and 
gravel 

Lower Findon Conglomerate 

Logged profile through the }I' indon Fish l3ed . 



CAlt1. B111 Sand.ton. 
lo ..... UOll 

Vut HArbour 'ormat1~ 

Baa' Harbo"r ro._Unn ~ 
~ '" 

---.... Croyl. S11t.to". )'ol_HolI 

Croyle 5, .. I.l.oto" .. Fo"", t10n 

C .. t1e 8111 SAnd.tone 

rDIWo\!on ~ 

'annan Sendaton. 

A 

M.v ~b'rdOUZ S11t.ton. roraatlo~ 

~d.r. C •• tl. Sandstone Foraa~ 

rl'Ck1.~ Me.~ov Co~lom.r.te 

B 

---- -::> Quarq Con~lu.eu.t. 
_~V~'~'~'~Ba~rb~O_u_r __ r_o.rsa--t_l_0_ft~r-------~~----------------~~------'--~----!~~Z& __ .!,~ ____ ~& , 

--,.-~ Ba., Harbour ronoatlon 

, , ., ----------
..... ' __ .l_ 

Figure 1.51 Reconstruction Of possible facies relationships between the 
East, west and Central Coastal Sections. 



Plate 1.1 Crovie Conglomerate Formation. 

A. Note abundant slate-rich detritus, set in 

a g£ave11y, sand-poor matrix. 

Bedding is indistinct, although a crude 

alignment of slate clasts is apparent. 

(scale Zen squares) 

B. As above, but bedding is displayed by a 

textural change (leve~ with notebook); such 

. textural changes are often the only means of 

discerning bedding~ (scale as above ). 
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Plate 1.2 Crovie Sandstone Formation. 

A. Lowest deposits of the Crovie Sandstone Formation, 

showing interbedded sandstones and slate-rich 

conglomerates. 

Relatively thick conglomerate units (a) L~terbed 

with thick sandstones (d). 
Conglomerates may show channeled forms, with low 

angle cross-stratification displayed by interbedded 

sandstones (c and b). (scale I hammer 60cm). 

B. Flat bedded sandstone forming a whole coarse member. 

c. Typical sandstone portion of a cycle. 

Sandstone rests upon siltstone (Q), and over most 

of the cycle is massive (b). Towards the top of the 

cycle, flat bedding develops (c) and may occassional1y 

'show ripple-lamination. 
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Plate 1.3 

A. 

Crovie Sandstone Formation. 

Cross-stratified sandstone ~~it laterally 

resting with slightly erosive contact upon 

slltstone. 

B. Siltstone portion of a cycle showing the 

extensive development of calcrete nodules. 

C. Siltstone portion of a cycle showing rare 

evidence of desiccation (a), and slight 

development of symmetrical ripple marks. 
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Plate 1.4 

A. 

B. 

Crovie Siltstone Formation. 

Lowest portion of the sequence showing the rapid 

interdigitation of thin sandstones and siltstones (a), 

with occassional thick sandstone units still present (b). 

Thick generally massive portion of the siltstone sequence. 

r·lostly, the seque~ce is massive' (a), but calcrete nodules 
may be present in upper :parts of the siltstone units 

at Im-.er stratigraphic levels. 

c. More typical form of the siltstone sequence showing 

massive siltstones with calcrete nodules (e) with 

interdigitation of thin sandstones (a), and at higher 

stratigraphic levels, distinct sheets of elongate 

nodules (b). 

D. Detailed form of a cycle from the uppermost portion 
of the siltstone sequence. 

(a) previous siltstone is overlain sharply by -

(b) flat bedded sandstone with low erosion surfaces. 

(c) Grain size grades from medium to fine sandstone ~~d­

(d) climbing ripple cross-lamination develops. 

(e and f) thin, graded, massive sandstone sheets occur 

separated by thL~ siltstone veneers. 

(g) ~~ssive siltstone follows with very thin sandstone 

strings at (h), (i), and (j). 
(k) Finally, massive siltstone follows for several 

metres. 

(scales: hammer 60cm, 

board 2cm squares) 
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Pla.te 1.5 East Har bour Form.a.tion. 

A. General form of Navy- bedded lithofacies: 

(a ) siltstone I 

(b) massive sandstone , 

(c) flat-bedded sandstone, 

Cd) crude development of ripple-drift, 

(e) low-angle climbing ripple cross-lamination, 

(f ) siltstone. 

B. Mudstone with evidence of desiccation . 

C. Wavy-bedded lithofacies consisting of essentially 

sandstone Hith massive sandstone at the base (b) , 

overlain by fine sandstone with thin silt veneers (c) . 

D. Thick siltstone with multiple incursions of thin 

fine sandstone sheets and occasional sheets of 

calcareous nodules (b). 

E. Mudstone "Ii th distinc,t symmetric ripples. 
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lJlate 1. 6 The \'!es t Harbour Formation . 

A. General form of the lower ~ est Harbour Formation 

sequence , showing the interdi5itation of 

laterall y persistent sandstone and siltstone units. 

B. Lower part of photo6Taph shows the lateral persistence 

of cycles ( sandstone grading into siltstone) . 

Rarely , thick sandstones may wedge out laterally (X) 

due t o erosion , and form the margin to a channel 

sandstone (at higher levels only) . 

c. Rare development of planar or avalanche front 

cross- s tratification in the lower est Harbour 

Member . 

D. Ripple drifted sandstones eX) , overlain by 

siltstone (Y) which ra idly diminishes in grain size . 

'l'he whole unit is cut into by a channel development , 

but note the ' parallel ' nature of the rippled 

sandstone infilling the cannel . 





11 ta 1. 7 The Ca tIe Hill Sandstone Formation . 

A. General form of t e sequence , showing relatively 

thick , persistent , red sandstones . Note that 

in contrast to the underlying \.Jest Harbour Formation , 

the presenc e of very fine grained sediment is much 

reduced . 

B. Host commonly , sandstones show massive or flat 

bedd ing , with strings of gravel or small pebbles (a) . 

8rosion of f l oodplain material 1s confirmed by the 

presence of mudf1akes upon dune foresets (b) . 

(scale : total thickness illustrated approx 1m) 

C. At higher stratigraph ic levels , sandstones become 

conglomeratic (c) , although simple f lat bedded non­

conglomeratic sandstones (a) are still quite common . 

Sm 11 channels or erosional Scours are common , infi1le 

y croo - stratifi ed gravelly sandstone (b) . 

D. Con ra1 orm of the upper member , showing the 

pr omin nt1y conglomeratic nature of t he sequence . 

Cona1omer tes are mu1t i storey units , usually thick , 

an lat r 11y per sistent . 

(: ... calo : thickrless illustrate 
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lute 1. $3 Sedime ts of the Central Coastal Section. 

The ad 'acent ser i es of photographs are i ntended to 

demonstrate some of the features of t he ennan Head 

Conglomer tic ndstone Facies Associ ation . Note 

that many of the features are closely comparable 

to those ound within the Dundarg Castle Conglomerate 

l"orma tion , 

A. oorly sorted , but q ite Hell r ounded detritus 

orming a thick but internally massive congl omera t e 

unit . 

B. 1'hin laterally perSistent s eets of gravel rich 

conglomerate demonstr ting t e clear abundance of 

• grani t sourced ' el spar gravel. 

C. C oss - stratified conglo erat'c sand tone , overla in 

by thick poorly sort cong lomerate . 

Channel ill conglo rate , r ing sli tly into 

co se stone . Clasts are agein qUite well-rounded , 

con lomerate s a hig 0 ortion of feldspar 





iments of the Central Coastal Section . 

The j ce t series of photograp s shows the general 

n t.ur 0 t e UPIJer porti on 0 the ennan Head Conglomeratic 

J n stone Faci s A ociation ( lates A and C) , and 

t e ~ e Hav'n Conglomerate 'acies Association . 

A. '!h 'ck uni 0 relatively coarse sa stone , showing 

m'nor int rnal erosion sur 'ces , a d thin gravel rich 

C, 

Il . 

conglom res , ole t t el spar gravel is very much 

mini c in t is ortion of t e sequence . 

tore i in t e ennan Head sequence 

. r' t in , low i elds r gravel , laterally 

wit sa stones . t a i 

total t ickne s illustrate approx . 5m) 

1 view 0 t e ureo t e ee Haven Conglomerate 
, . cie Ausocia 10 ote t e massi e ature 0 

t. con ce , e rar d velo ment 

0 tti q , ttl an St.one units , 
( 1c '13 a p oX . 5m) 

II vi 0 01 t 0 J v n Conglomer t 
ov ood- orti g , 

t. 3 . 

'd) It (, l J flJl u,' r (S'<J.v 1 
, l. .. t ~ C aut are ua.r t.~it.o , 
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Plate 1.10 

A. 

Se iments of the Central Coastal Section . 

General form of the rennan Conglomeratic Sandstone 

Facies As sociat ion shovring the return of large amounts 

of sandstone following the temporary absence of sand 

during the Need Haven Conglomerate sequence . 

The detritus is again feldspar gravel rich , and large 

amounts of pelitic schist are also introduced (weathering 

an extremely pale grey colour in this exposure) . 

B. The general form of the ~ennan Sandst one Facies Association . 

The total sequence exposed consists of conglomerate free 

red sandstones , showing the ievelopment of relatively 

large trough cross- stratified units . 
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11 te 1.12 

A. 

B. 

C. 

O. 

F100 plain siltstones wit abunda t c 1careous 

n ule t t e sout en of uarry ead Bay . 

Cr ve11y n stones (a and b) overlain by siltstone 

wi th abund nt carbon t odules . 

Co rae tur , oor ro lng , oor - sorting 

0 0 1 'gully ' '11 conglomerates . 'rhe 

boul er (A) i ISo igured late loll B a 

m ure in max' um sion . 

01 1 portion of t e ' gully ' ill co lomer te 

conglo erate (c and d) splaying 

ill ou o to t e 1000 lain 

ot . t ery large locks v 

( ). 
T C;j (a) r ro e ts t e 0 

jac nt eep y •. 





Plate 1.1) 'ediments at the base of the Eastern Coastal Section , 

at Fleckies Meadow . 

A. Deep Dalradian depression (a) overlain by a thin 

covering of Lower Old Red Sandstone basal conglomerate . 

B. Indistinct plane of unconformity (a) / (b) with the 

Dundarg Castle Conglomerate (a) resting directly upon 

the Dalradian basement (b) at this locality. 

C. Detail of the plane of unconformity , showing the 

abundance of ' spotted ' andalusite schist (a) 

immediately below the unconformity . Large blocks of 

similar schist (c) occur just above the unconformity , 

but mostly , the debris is psammitic schist (b) . 

D. Vertical cliff like terrace within the Dalradian 

basement (a) , with an overlying scree of Lower Old 

lied Sandstone (fleckies Meadow) conglomerate (b) . 
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1'la te 1.14 

A. 

The Uundarg Ca tle Conglomerate Formation . 

General view of the nature of the outcrop of the 

Dundarg Castle Conglomerate sequence (west of Hoat 

~hore) • 

B. Close up vie4 of portion of the above exposure , showing 

t he typical form of the Dun arg Castle Conglomerate 

sequence . 

Not the predominance of gravel rich horizontally 

bedded sandstones , and· persistent coarse conglomerates . 

c. Further general view of t e Conglomerate sequence , 

t his time showing more abundant I mul til.le conglomerate 

sheets I • 



Q 

b c 

- - . ~ 

.:.. .. t:'!.-. .:..· = .+ ... __ .. ,,.?_ .. .,. ... - ... ~ 



A. Co: r. CI' rt·1 111 c 

el'. v 1 liclI 

». '1'1 Inly 

(tiC 1 t • 1ckt 

C. M .1or 01 lln 1 c 

(b) 0 

u 

( ) 

co 1.1 t.11 1 . 

u. ine1 

CI . lH1 -1 11 con 
l'r v 1 l1e, 5. 

( 

or. 

) 

.) 

( ~) 

( ) . 

on . 

, ) 

c 

( ) 
r 





.e late 1 . 16 The ])undarg Castle Sandstone Formation . 

A. The .iunction between the Dundarg Castle Conglomerate 

Formation (a) and the overlying Dundarg Castle 

Sands tone Formation (b and c) . Note the great 

impersistence of deposits within the conglomerate 

sequence , in contrast to those of the sandstone 

sequence . 

B. ~lassi ve gravel in broad channel units (a and b). 

Note that gravels are thin , but persist laterally . 

C. Thinly interbedded sandstone and gravelly sandstone , 

note the presence of very thin dark siltstone veneers (c) . 

D. Thinly bedded fine sandstones , generally maSSive , 

but occassionally showing crude ripple drift lamination . 

E. Further illustration of broad gravel channel infills . 

Note that gravels are truly massive , with gravel 

fragments floating within a fine gra'!Ell / granule rich 

sandstone matrix . 
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Plate 1.17 The NeH Aberdour :Jiltstone Formation . 

A selection of photographs showing the main features of 

the NeH Aberdour ~iltstone se'luence , and illustrating 

the rallid interbedding of sandstone and siltstone in 

coarse portions of cycles (plates A, C and D). 

The siltstones are shown to be relatively massive in 

appearance (plates B and n) although strings of 

calcareous nodules are common within such units (plate 

B (a), (b)). Furthermore , evidence of desiccation, 

al though uncommon, is distinct (plate E) . 
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PIa 1.e l.18 'I'he NeN Aberdour Siltstone Formation . 

A. A general view of the siltstone sequence showing the 

laterally persi stent cycles based by thinly bedded 

sandst ones (a, b, and c), and alternating with 

thick , soft , siltstones. 

B. Detail of one such cycle, ~howing the sandstone base 

to the cycle (a) and the overlying siltstone with 

numerous persistent sheets of calcareous nodules · (b) . 

C. A section through l~rt of the coarse member at the top 

of the s iltstone sequence . 

( a ) t .lick siltstone overlain by flat bedded sandstones( b ) 

and eventually gravelly sandstones (c) before being 

capped by cross-stratified sandstones (d and e) . 

Siltstone overlies the whole unit sharply (f). 
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Plate 1.19 A Deta ils of the Hiddle Old Red Sanustone Unconformity 

beneath ' the Lodge ' near Pennan. 

A. Lowe r Old Red Sands tone sediments (a) shO\dng the 

stepped erosion surface (b), overlain by reworked 

L.O.R.S. conglomerate , prior to the slate rich M.O.R.S 

conglomerutes (c}. 

B. Detail of the unconformity, note the reverse rotational 

minor f aults developed wi thin the lOvler sandstones (a). 

c. Sand injection structures \iithin the lower sandstones (a-b), 

D. Slumped sediment (b) dOlm the side of one of the small 

steps in the plain of unconformity. 

E. General nature of t he sediments beneath the unconformity, 

note the s imilarity to sediment s of the Dundarg Ca3tle 

ConGlomera t e sequence . 
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Plate 1. 20 11iddle Old Red Sandstone Unconformity Outcrop 

to the ea st of Pennan in the Central Coastal Section . 

A. outcrop of the dist inct plane of unconformity 

betHeen Lower and Middle Old Red Sandstone 

conglomerate s in ' Meal Girnel '. 

B. Planar form of the , unconformity displayed 

in the western side of ' Sidegate '. Note the 

distinct angular discordance . 

C. Close up view (from the sea) of the slightly 

irregular plane of unconformity as exposed on 

the promentory between ' Sidegate ' and ' Langlitterty '. 



a 

b 

c 



Plate 1. 21 

A. 

tliddle Old Red Sandstone Sediments . 

General appearance of the Hiddle Old Red ;)andstone 

slate-rich conglomerates outcropping in the Central Coastal 

Section . 'l'he plate shows the N.O.R.S. · conglomerates 

in ' Strabackie I, rlhere the cliffs , inexcess of 100m 

in height , are composed of an unbroken sequence of 

conglomerate . 

B. Hiddle Old Red Sandstone conglomerates exposed ~t the 

' Snook ' near Gardenstown . 

At this locality , the conglomerate composition 

strongly reflects the Lower Old Red Sandstone compOSition , 

and is considered to indicate that these conglomerates 

are reworked Lower Old Red Sandstone detritus . 

C. ' ~ypical ' slate rich Middle Old Red Sandstone Conglomerate 

outcropping at Mill Shore to the West of ~ennan . 

Note that slate detritus predominates , and that a slight 

imbrication is developed , in this case showing 

transport to the north (left). 

D. Slate rich Middle Old Red sandstone conglomerat e from 

Hill Shore shorr ing an unusual form of clas t packing , 

Note that over a short lateral distance the blade / disc 

s haped cla ·t s are vertically r~cked. 
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Plate 1.22 The Findon Fish Bed, Den of Findon . 

A. General appearance of the present outcrop of the 

Findon Fish Bed (x), showing the rapidly deteriorating 

nature of the exposure. 

B. The upper portion of the Fish Bed showing pale grey 

mudstones (a), overlain by reddened mudstones (b) 

containing abundant calcrete nodules. 

C. Grey shaley mudstones , containing elliptical fish 

bearing nodules (a), and overlain by reddened mudstones 

(b) immediately beneath the erosive base of the upper 

Findon Conglomerate (c), (erosive base shown by dotted 

line) . 

D. Base of the Findon Fish Bed showing the lower Findon 

Conglomerate (a), overlain by gravely red siltstones (b), 

overlain by grey green plant bearing mudstones (c). 





Plate 1 . 23 Foss il ' Karst Topography' exposed to the west of 

the Gamrie Outlier at Sandend Bay . 

The adjacent plate shows the thick development 

of drusy sparry calcite cementing toge ther 

reorganised blocks of Dalradian Basement . 
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Figure 2.2 Geological Map of the Rhynie outlier, numbers refer 

to localities mentioned in the text. 
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and upper (0) portions of the Quarryhi11 Sandstone. 
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Figure 2.6 Field logs of the main exposure of the Dryden Flags 

and Shales from the Den of Wheedlemont. 
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Plate 2.1 The Tillybrachty Sandst.ones . 

A. Lowermost conglomerates of the 'rillybrachty 

Sandstone sequence, exposed in the Corbiestongue. 

B. As above, shO\~ing thick poorly sorted conglomerate 

developments interspaced with relatively thick 

conglomerate free sandstones . 

C. LowerI:lost sediments of the Craigs of Tillybrachty, 

stratigraphically immediatel y above those of the 

Corbiestongue , and noticeably less conglomeratic . 

D. Nlddle portion of the Tillybrachty Sandstone 

sequence (Craigs of Tillybrachty) showing t he 

development of thin siltstone horizons , and 

small intraformational conglomerates. 

E. Uppermost portion of the Tillybrachty Sandstone 

sequence (Craigs of Tillybracnty) showing t hin 

sil tstone developments r and the introduct·ion of 

small units of cross-stratification. 
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Plate 2.2 

A. 

'l'he Quarryhill Sandstone. 

Kildrummy Castle Quarry. 

Exposure in this quarry, t.he lowest in the Quarryhill 

Sandstone sequence is la.rgely obscured by extensive 

landscaping. 

B. Kild2'ummy Castle Quarry. 

Part of the little exposure available, shoHing the lower 

portion of the Quarryhill Sandstone sequence consisting: 

of thick, generally massive sandstone units, laterally 

impersistent and often wedge or channel shaped in form. 

Note the absence of any ma jor siltstone developr.lents . 

C. General appearance of the Quarryhill Sandstones at Quarryhill . 

Overall, majority of the sandstones appear massive , 

although thick siltstones do break up the sequence in 

contrast to the Kildrummy Castle exposures. (a pale 

very-fine sandstone / siltstone is just visible in the . 

bottom left of the view). 
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Plate 2.) Thin sections of lavas f rom within the Rhynie Group 

sequence • 

. A. General form of the lava from the Glen of Cults 

showing abundant large vesicles , and large feldspar 

phenocrysts . (field ,ddth 10 mm ) 

B. Large ,but weathered,feldspar phenocrysts from the 

lava flows of the Glen of Cults. (field width 3r.un ) 

c. Thin section of the Gartly variety of lava , note 

that no vesicles are present , and only a few ' corroded ' 

phenocrysts are evident . (field width 1. 5 mm ) 





Plate 2.4 Hand specimens of the lavas from the lower part 

of the Rhynie Group sequence . 

A, B Samples of thc 'Cork Rock ' from the Glen of Cults 

showing abundant gas vesicles and highly weathered 

feldspar phenocrysts . Note the apparent ' stretching i 

of eome vesicles . (scale : natural size) 

C. Sample of lava from Gartly . 

Although only one lava flow (possibly' two) is 

recognised, the Gartly variety differs greatly 

from the nearby Glen of Cults varieties in that 

no vesicles are present , and feldspar phenocrysts 

are small and insignificant . 

( scale : natural size) 

I 
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Plate 2.5 Photomicrographs of the Rhynie Chert. 

The adjacent series of photomicrographs C!.!.'e 

int.ended 'to demonstrate the excellent preservation 

of organic material within the cherts, both in 

fine detail, and in an original undistorted state. 

Plates A, B, and C demonstrate the above features , 

and in particular, plate B shows the excellent 

preservation of cell structure by the chert . 

Plate C shows the undistortcd preservation of an 

individual sporangia containing several spores . 

The chert itself is generally microcrystalline / 

cryptocrystalline and shows little structure . 

Desiccation voids are a common feature , and plate D 

ShOHS such a void infilled by opaline silica with 

concentric inclus ion patterns . 

( scale A - field width 2mm ) 

( .. B - \I l mm ) 

( ., C - " O. 25mm) 
( .. D - .. lmm) 
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Fonnalion of a sand wedge lalerallo II gravel bar. Planar crO!o~-~trala form b) oul- ' 
ward mlgralion of a slip face, while npple~ migrale acro~s Ihe 10p,'1 ~urface 10 form ripple cro))-Iaml­
nallon. B. Di.)ccllon of ~nd wedge. afler further f"lIln .Iage 10 Ihe polnl al which mud ~llIrt. 10 !>Cllit 

from suspension on the channel bed (cf. Fig.4). s<'lIle is IIpprollmale . 
(after Rust 1972 ) 

Figure 3.5 Comparison of mechanism of production of lithofacies 

within subfacies Bl from present study with a similar 

mechanism and similar structures outlined by Rust (1972 ). 
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Figure 3.7 

MAIN FACTS 

Red - brown micoceou3 siltstone , with traces 
of a fine ~~ddy lBLination fre~uently 
destroyed by extensive desiccation. 
Calcnreous nodules are present in lover 
parts of the sequence. 
Oscillation ripples occur rarely in finest 
deposits . 

~n s~eets and 
la:tinst9d fine 

lenses of ripple - cross 
a&ndsto~es ~reserving abundant 

desiccation cracks. 
Sends tones have starp non - erosive bases 
aLd sharp non gradational tops. 

Thin graded units of fine s~dstone vitb 
no apparent internal structure. 
Dnits are non - eroaive ~d frequantly 
desiccated. 

sho"i:'lg ripple 
folloved by horizontal 

ripple lacinat10n. 

fine grained ripFle cross In:dnate~ 

sandstones with occasional scoured bases. 
P~pples :BY be preserved on surfaces anc 
thin siltstones ~ record ayuetrical ripples. 

Cut on ailtstone, b-.>t re!ief extremely lov. 

I NTERPRETATIOn 

Verticnl accretion derosit. Dcpositio~ of ~~~renCe~ 

sedi.l:ient fro~ stanc.inr:; or 610· ... 1:,r ::;'vviIl6 !"lcoct ... ·s ters 
in tet:i?orary floodplall lakes . 
A si tU:Jtion cii3tnnt i':"'O:! 8 r .. ''li,n di~tribi.ltn0· cr_'lI.-v::el 
i s ~plied by the l&ck of coa=~e det=i~~s , ~d t~e 
repeated periodic i~cursi~n 0: flood.3ter a1te~at~_& 

with periods of desiccation co::l..fi::-::u; t::e e,:..Le:=e:-:ll 
nature o~ sucr. b~Qies of .a:e=. Soil fo~i~& ;~cces~es 
allow ~lcrete develop~cnt in r:;o:-e I:.:lrt,';"i:1!ll site-z Oo 
Overall an environme"t cO!:lpara1:le to some Backs\;a:op 
si tua tions .. 

Continued vertical accretion on flood ?laL~ surface. 
Essentially deposi 'ti 0:1 of fi:le s ·.lspe:l ced l O:id !:.:l-:'e-rial 
b~: duri~~ fl ood erisodes sheets o~ rip ~lp - be!(e~ 
SEnastone spreaj across tte flocJplain 6~:a~e .. 
Perioc.ic infl'lxE'~ of sedi::.e, t l:tce~, {looe",'. '":of':- :.r. '";Tor.: .... eo! 
a scall bedload co=?o~ent, but flood episoJe~ _~~ 

scalI in effect L~d did not re~ult L~ FO~~~ of 
water as bedload i s not follo",'e':' by SUB!C'::dej loa~ .. 
J. 3acic:S'tiB.l:lP type of si t"Ustion );i 'ttl inte:'"c~leted le7ee 
tj~ tonGUes . Repestee e%~,osure ~~d ceslcc~~ion . 

In troduc ti 0:1 of sedit:ie:lt l aden flood.ate:- into !'loo:!}.lain 
area .. Graded deposits repre~eT.t de;x>~i tlon of " coa-"""""Se 
s1.:Spendej load Jurin!; detelers"ti::m of hec\·i~: l.:a ~er. 

floodwater. Probably exposea for l or.!; ;>e:-iods. 

pondcc .ntcr sllo_'in.;" !. .. ~pe!l!"ion 

eve~ 

load onto f loodplain. Sec~.nt is 
but com~tRnco declines as flooQftster 
Horizontal bedding represents ~u= flo. Fower 

=J0:-
susper.sion i:l slo.ly ~ovinG !"loC':!~·Bters . ':' ~: i."": sil ts 
record tecpo~j ces~ation of ;low, s~o"tr::al =i;~les 
confir:n the develop:ent of te:rorary shallo.. lA.<es. 

Erosicn at initiation of flooding is lo~ as ~aters 

ara heavily ·laden vi tl. sedice:lt . 

Lithoprofile selected from subfacies CIa (Crovie Siltstone) summarising the main features 

and outlining the sedimentological interpretation from the present study. 



I·tAIN FACTS 

Thick units of b~~Jn 
ge~e~ally massive, but 
muddy lamination . 

and grey siltst~ne 
cay show a fine 

units are f r equently 
co~only have l ayers 
noduloe. 

desiccated, and 
01' larj;e calcareous 

Relatively thin units of fine 
sho;;L-\g a ran;;e of structures 
from grajed beciing to ripple 
and convolute bedd~b . 

SQJ1dstor.e 

r~ 
le.ci.r.ation 

Sandstones are interbedded with thin 
siltstones,. and oftan· occur desiccated ·. 
as a coupl et . 
Thin lenses or flase:-s of sand occur 
within tLe siltstones . 

IiT'rERPRETATI ON 

Vertical accretion of sus pended sedi::ent load in s i tes 
distant froo a ~in distr~but&rJ point . Sed~ent 
represents su~pension fallo:lt of s11,,, froCl uistrib:ltary 
flood3 fo~~g teCl~orn:y floodplnin l~es . 

Desiccation crackz confi~ t he tr~l~itorJ ~4ture o~ 
t.ho:J& lu.koo 11\ reco.t-uln g rdl'tI ...L t..:..i ..,t"Il: 1uJu ut O::1''u'b''C!:' '': O 
and subce=gence of t~e floJdrlain su:~ace . 

it tines the floodplain appea:s to have been stable 
enough to allow calcrete de·lelO?::lent . 

Dopo!Jition of su.opcnuea. Ll"'1d 5:.n11 bcJlo~d CCI:;!"o!1.cn!.:J 
in pro3:i=.al ?Orti'O:l3 of scalI te::: ?or:l ry Picd.;:J:".t 
plain l akes . Flood events appear to ~e cu=erous . ~~t 
q:lite seal 1 although graied beds ~d convolu:e ce~iing 
suggest t~~t at ~iQe9 sedicantation Wa3 proc~bls ra,i~ . 

The sedi=.en ts are in ::lallY ways cocparable to SO::t4 

undivided topstratum and ",ore distal levee tJ~e 
dGposits . 
Frequent ability of flocd~ater to ~ewo~< s~:l a=C:.:::t:3 

- ..... ot bedload into le!'lses sU6~e3ts ci-"10X- :·i~ .?lc: 

50<-~ <n "'~" ="'" ." -"''"-7 n.d .. '.~. 'I 

l!en~ !.o:=G /. t 

o 

Figure 3.8 

thicker units of fine sa:1d.stone , a:o"t Thicker sedi.oent uni~s ~03Bibly record hq;er or 
co=cnly l:.3s:livG or shoving poorly mors proxicnl site3 of depo5itio'l . (\o.-ernll t:le sed.:!.::l.eOlt9 
developed rip?le la.:lina tion . Craded uni~e 1l:d1cate frequent B!ld often heav1ly laden floocwa. tars 
are co=on and. often asso..:iated vi'!h being introduced onto tt,e flood;>lain area . 5=411 
con .... olute 1,.,:11"" tion . Cl1..::bl.ng rippl e to:-cpora.ry Inkes =.y h:lvO developed. bu~ are not as 
laoination is present b-.. t rare. common or well developed as in higl:er portions . 

Lakes were probably shallow and a;ostly vary i.r;l?ersis te!l t . 
Closely cocparnble to 30Cle levee Jefosits. 

Thin units ot ripple laJUn.a ted. sandstone l'.inor flood evants Ca'.l.si"g s:all splays of :-i l';>le 
interbedded , nooi; directly related t o thin bedded 3andstone to c4=te IlCr083 3=11 porticcs ot: 

"Utstonea . May" be desiccated individually tLe floodplain &rea in s hallow slo ... ly moving and 
or as .. couplet . rapidly di.ci.ni.shing floodwaters . 

Closely co::oparable to SO:le levee deposits . 

Lithoprofile from subfacies Clb (N~w Aberdour Siltstone) summarising the main features 

and outlining the sedimentological interpretation from the present study. 



NAIll FACTS INTERPR<':TATION 

Red mudstone , often desiccated and 
preserving symetrical ripples . 

occasionally I Deposition of suspended load in pondeQ water , 
subsequent exposure and desiccation . Last remnants 
flood event . 

of 

Mudstone with fine lamination, desiccated rarelyl Suspension fallout in 
of f l oodwater without 
fine lamination . 

ponded water . further in t roduc tior. 
sibTIificant coarse detrit~s ca~ses 

Grey , grey - brown siltstones with a poorly 
devel oped muddy lamination . ' 
Frequently desiccated , and often d isplaying . 
sheets of calcareous nodules . 

Deposition of suspended load from tempnrary flocdplain 
lakes, in ponded or slowly moving floodwaters . 
Desiccation confirms the ephe~eral n~ture of ~!,~s e l~e~ . 

Long stable periods allow develop~ent of ca lcrete ~od~le3 . 

Comparable to some Backswamp environments . 

50C."""~ 
Thin impersistent sheets an~. l enses of fine 
ripple laminated sandstone . 

Re - uorking of coarse detritus following m3jor f lood 
period . Slowly moving floodwaters now only capable of 
transporting large a~ounts of suspended sedi=ent . 

o 

Thick units of thinly interbedded fine 
sandstone , very fine sandstone , and siltstone . 
Poorly deveio;ed ripple bedding imparts a 
wavy bedded appearance to the deposits . 

A relatively thin unit of sandstone showing 
an initial, often coarse, intraformational 
conglomerate or ~ssive mediuc grained 
sandstone . Climbing ripple laminated fine 
sandstone ' often follows, eventually replaced 
by ripple laoinated sandstones . 

Deposition of coarsest sediner.t shortly after th~ 

introduction of heaVily laden floodwater onto t he 
floodplain area . :iixed gr ainsiue r~~ge s Ubbests t~t 

the unit records either repeated flood events or " 
repeated flood surges during one ~~or flood e ~isode . 

Deposit is analogous t o so~e proxi~ flood?laL~ 

deposits , for example. levee and ~~divided top~ tr3tuz 

deposits ." Deposition occurs in shallow water close t o 
dispersion point . 

Floodwater rapidly introduced onto floodplain surface , 
limited scouring occurs due to high s us?ended load, 
but large clasts record ~~it~de of :lood caus ir.g 
destruction of floodplain surf~ce . 

OverlyL~g deposits record the rapid deceler~tion o~ 

the floodwaters, and rapid deposition of coa=se bedload 
in rapidly shoaling waters . 
Environment comparable to proxical levee enviro~Gnt . 

Figure 3.9 Lithoprofiles from subfacies Clc (East Harbour Formation) summarising the main features 

and outlining the sedimentological interpretation from the present study. 



Figure 3.10 A. Sedimentation trends within the New Aberdour 
Siltstone Formation ( subfa.cies Clb). 

Figure 3.10B.Relationship between coarse and fine member thickness 

for cycles within subfacies elba 
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Figure 3.11 Comparison between logged sections from the present 

study. and sections provided by Williams (1970) 

from the Biskra region of north Africa. 

The upper two sections are from Williams (op cit) 

and show logged profiles at increasing distances 

from the alluvial fan. 

The lowermost sections are from the Gamrie Outlier 

A - subfacies A2 (Crovie Conglomerate Formation ). 

B - subfacies C2 (lower por~ion of the Crovie 

Sandstone Formation) . 

C - subfacies C2 (upper portion of the Crovie 

Sandstone Formation). 

D - subfacies Cla (lowermost portion of the 

Crovie Siltstone Formation) • • 

E - subfacies Cla (uppermost portion of the 

Crovie Siltstone Formation). 

(all depths indicated are in metres). 
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Figure 3.12 

MAIN FACTS 

Tc1ck bro~~ Co~rS9 ~ilts~one ge~erally 
:E18.6Aiv. but with rar.. lDild 1l1.01.nae . 
Auundan t dosiccation. ne~.ly packed 
c~lcdreous nod~18a cocmon. 

TAin sheets of rifple cross ~ted 
• sn~stone interbedded with brove 
Eiltstooes . 

Ct.am,el 1:lfill cO:J;>rised of croas 
stratified sands tone. overlying a centle 
erosion surface , cafpcd bT fl"t bedded 
sc.:lOator..e3 . 

~ sheets of ripple ~ted 
sl-uldsto:le . 

Rolative17 thick sheets of fiLe ripple 
~eted / ;aBS1V8 sandstone , senerall7 
Don e~oslve ~sea. 

Onderly1:g s~cstoLe unit grGdas into 
thick silt.to~ with 'isolated le~e. of 
sandstone. 
Calca.reo~ nodu.le. in I:.1g~r part •• 

Ge~tle ero.ion surface, follo¥ed bT cro •• 
6tr3t~~i.d aaDiat'Les with occa.lc~ ~d 

~"~a ~~ foreaeta . S~d5tone trades 
rsp1dl,y in~o rippled ""d flat bedd.d 
8andst,o:'le . 

Sllt. ~one with thin .beets ~d lenses or 
&s..nci!lt.cne . 

Fle t bed<!.d """datene rc!.lo"'~d by o:'Os. 
st::a~1!'1ed s8.DcsUJne , ~"&pidl.Y folleved bT 
ri~ple la=inet.d 8~dstona . 

r~st~ct ste~pcd er~=ion S~&C~ overlain by 
by ~ro.s 8~r.tir1ec cr£vel and fine 
con.e:~o2.8:rate . 

INTERPRETATION. 

Dcfosi ted ~"'''ing s'~spenGion fallout fro.. slov toO';iLg 
or occabionlolly po=t!ed flooJ"ate n . 
Intense <lesl.ccat1on cor.!"iI'tJS repeated EX-rOSure of floodpl ai::l 
surface . Ikv~lo~ent of c£lcareo~ nocules 9UC~~5tS fl~~:~:~~f 

,round~ater toble and cev ~lopm~nt of c~lca~eo~ ~o1 1 pr~!i!~~ . 

Floodpls.in topstretUJ:l deposits srurl'ly o'Ve:rlie aban<!o:: .. d 
cr-C.:lr. el • 
Tel:porllry .,cv~!tent of te110ad se,~e!lt via B co~ir~nt 

suspended load . 

Infilling and choking of on epbc~cral streao c~el 
crossing the floodflain su~f~ce . ~,itial violent flood 
allo~ad trs=sport of bedload as subaqueous our.es . La~er 

deposits record decliLi~ flov powe r &~ :loud decreeses 
and depth shosls. 

Cycle eventually grados into ~ore distal !ypa vf flooeple i ~ 
teposit . 

Floodplain topstratum deposits ro~ed 
channols , 
Dvposits era essantially leva. 

adj.ccnt 

topstratum deposits as ~bove. 

to =i.n 

floodplain 
Deposi tion 
following 

of fine neQi~ent fro= sU6renaio~ O~ 

ohace.l ~eposition witbout a break. 
flootpl-'1n 

Che=el infilled by becUoad sediment transport sa """aq,,e01a 
dunes . 'temrortlI)" ces8Aticn of bedloAc! tra:-.. t'pv=t a.llowed 
. ""pondon r"llout to draf<' o,'er du.:,es . 
Craduall,r declining flood str~~h ('o\'e:-" our;es wi th cixod 
ripple / flnt beoded sediceDts 1n relat!valT sr~llov vater . 

Deposition or s~pen6ed load on floodplsin 8~-aee . 

'~or mov~ent of bedload co~ronent . 

Cl-...."""l 
surf6.ce 

infill in a cora prox1cal 10ca t1 0n . Ste,pod .~sicn 

confi~s reactivation of eb&nnel. Po.erf~ll flcoCs 
transport coarse5t 
Ch .... lI:.e.l eve..,tual17 
su~aqueoU3 dunes . . 

cebris fro~ ne ~rby al:uvir~ f~. 

c!lo:r.d bT bedload sadi£ent e.o,-ed ... 

", 

Lithoprofile from subfacies C2, showing sedimentological interpretation, , 
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,Figure ).14 Summary of main sedimentological features incorporated in the Fining Megacycle, and 

. its reversal to a Coarsening Megacycle, with particular reference to the importance 

'of calcrete developments. 
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MAIN FACTS 

R~d - brown ~~~Btone vith co~only develo~ 
silty eruded la",in:ltion . Deoicc&ted 

Brown ~lcaccouo siltstone with thin sheeta 
and lenses of ean~Bto~o . 

Ripple cross ,laoir.atej fino &andslo:!ea 

Fln~ ~~dstone with cl1DbL~~ rlr?l~ ~tn&tion. 

Ri pple cross le21nated fi:le £&n1&lonea 

Flllt. bo1dad l11caceo~ sandstone. eUght erosioD 

INTERPRETATION 

Cycle reprenents & single r~jor flood event an~ 
do~on3trato9 tho fToduction cf flat bedd~~ aar.dstcnc9 
1D the initial high po>'cre-1 flood etage whon 6cd1J;;ont. 
lo~ ~3S at!ll pro~'bly qultu Jov . 
~Ju~equontly , in clo>cr ~ovlne ~~ter8 ~~~s 18 moved 83 

ehcels of ripples ~l&rating ~lcvly over th~ flooj plain 
lIIIrfu:e until tho ,""locity doclines eufficiently to 
prevent sand b.-WI> transportcd in ausp~nsion .. llodng 
the d&velop~ent of ~li~~ing rl~pI8 B . 
~ is finally rewcrked and futher depo"ited 1n 
~ieets of micrating riy?!cs in 81o~ly ~oving flood"B ~era 
Eventually a11 t an"- .,ud bIt' depoE! ted ont of auspenolon , 
with pulsos or flo~ d~ve!~~!~ a silty la~inatlon in ----I th .... e !loon 

B<ovn mlclleeoua &~8t.or.e ~itb ~l6ConliDuouB 
E~jdBtone lcn~o. 

Ripple cr08S ~1nA~ ~iD. Band8~one 

Fi:l, e&:>dlltone v1 th ollib1ng r1.,ple 
crocs l UlnatiOD 

Cycle rel'ree"Q~s th" intro1uctlon 6f heavily lnden 
~lood.\(a ter in:'~ alrt'~1:r )'Vndcd water . A\~a.la.nche tront 
C:oC 8 st.ra.t1f1c::.tbn ~IIU~& out in ddta r ashi'):'1 1r.tu 
dee.per 1Ca.ter . lofhi la t ho cC!'lcNQitAnt r~d L ':t11,)r. in WG.t.er 
dc;>'.h CaUSBG ~o~=et1 u:l of clizaMng ripple 1 .. :o1nation 
&.B nC'oj"a~er is d.c <, l~rateU. Eventually rippl" 
l ,ubation fons und&!" l ow flev po'''''" and 001321 
"OO1<o" t load prior 10 dap"sl. tl.oD of s11 tG1 one ~:·o. 

O:lt. ot BUSp<lOlliC:1 in elo"4' 'leving flooJ>l"t£re . 

o·s .... n'I Yine 6Andstone with steep plular 
croall etratifiCAtion 

Tbo cycle !. &n31o£ous to • crevasso ,~ flu~l 
,hlta "pI .. y . 

o 

Shorp non erosIve junctic~ 

Thick br~ ,1eaetloua siltatone v1th 
frequent desiccation of top surr~. onl1. 

l lorl%Olltally bedded fiDe undet.o::. 

Ripplo crOll5 lAa1.:>3ted fiDs ~st.one . 

Flat be1.ded rlne a1caceoua sandstone. 

Sljgb~ erosive surface. 

Crele repreaoota th' rapid lntrocbct1cn of p:>wcrlul.l 
!loodvatera O:'lto the ilocGpl~ln surfaco. 
As flo" pover declines rlppl~ l~in~t~on de.elops 
Iluuestbg perhilpa l.~cr~a.seli s~ll:eot. load following 
tlle in1 Hal flood eve~t. or l"'rht.;>!1 dc'per floodvat.er. 
~1l1lt1.!a.l.l)" fiI:er aedu.~nta C'G dc.p~sitoc1 fro::;> C'c t. 

' ~ ."'G;;"''181on in pc:>c!.ed or .. ery elov~ aoV'1ag 
noodwater; 

" 

Figure 3.15 Lithoprofile from subfacies C3 (lower member of the West Harbour Formation) showing the 
,main features and outlining the sedimentology from the present study. 
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Figure ) . 16 

IN FACTS 

Red mudstones shoving abundant 
desiccation and occa.siona! invertebrate 
trails - otheri ise cassive . 

She=;> junction often preservi:lg as~tric 
ripples. ~d freq~ently showLng ab~dant 

scall scale burrows . 

Mxed ripple and clil:lbin6 ripple 
la=dnated fine cicaceous s8nd3~ones. 

ee:ltle ero510n p1ab, .road channel 
Flat bedded sanda:~nes ~itb patches 
ripple ~t10n ~ostly ne~ cargina 
cr.annel shaped body. 

Croos stratif1ed fin. sandstone. 

fOrt:! . 

of 
of 

Centle erosive ~lan. . Broad channel fo= . 

lUpple Cro3S l:lcilulted fine sIUldstone . 

7h!ck in t:-afOr:ll tional ·conglo::!8:"" te co:oposed 
of larA_ frag:ents of red cuds tone . 

Low re11.r erosion surface cut bto 
,revi.ous red =cis tonea. 

INTERPRETATI ON 

Deposition of finest sedioent purely froc sus?er.sion 
in ponded wBter on the flooJrl5in 3urfBce . Su:h 
bodies of ~ater were freq~e~tl7 replaced by st=onAl, 
oxidising .ubBeri.l conditions. 

Cess&tio:l of bedload trans port of coa.-se de:ri ~ c~e 
at flvodwa tel'S on flac .l~l3.:"'''l s~f=:l;e .. 

chazu:cl 
allowing 

lov 

acc:-etio:l 
chokes aven:uslly oat 

fallout of sus~en! ad 

in t:.inor c~el, 

3~ill ret~ir.s po~ded 

load . 

to channel developed due 
cha:mel. 

to avulsion of ~~der~ 

.·!l:e= 

~ed deposition of suspen!ed ~~d ;edload . edi~~~t 

.ith.i.D. an ac~iv9 di.stri:'utary c p..a.nnel tra.=.3?Or~iJ:g 

8ed~ont onlo floodp~in ourface . Sod~ent ~~C~O :03 

vertically within channel eve:ltt:aUy choUr-<; a::1 ca'J =iJ:g 
tion by avulsion. .In _~he:teral s trea::! cb::.-:el. 

Depooi hon of s""pended and bcdl""d oociic:ont ~n 
broad channels or at the carg~ of s~ch c~_,els . 

Coo.parable to &xed crev&as. spl.a..T o.nd levee ~:lpe 
deposita . 

Destruction end redeposition of coh.~iv. floodpL1in 
caterial during initial violent flood episode . 

Lithoprofile from subfacies C) (upper West Harbour Formation) showing the main features 
and outlining the sedimentological interpretation from the present study. 
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Figure 3.17 Field sketches of channelling and cross stratification 

within the upper member of the Wesi Harbour Formation. 

(subfacies C3). 
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Sedimentation trends within the West Harbour Formation. 

Graph shows smoothed time trend of sandstone thickness. 
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Figure 3.21 Lithoprofile through the Findon Fish Bed, showing lOgged section, and sedimentological . 

interpretation from the pre~ent -stOOy;-



Figure 3. 22 Distribution of l1iddle Old Hed Sandstone fish 

bearing horizons considered to be ., Achanarras' 

Limestone equivalents . 

1. Gamrie (Den of Findon) 

2. Tynet Burn. 

3. Speyside . 

4. Clava. 

5. Black Isle (Millbui, Killin Burn ). 

6. Edderton Burn . 

7. Niandt. 

8 . Achanarras . 

9. Sandwick.( Orkney). 

10. Melby . ( Shetland) . 
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lilate 3 .1 'ed iments of subfacies Bla t (The Dundarg Castle Conglomerate 

Formati on ) . 

A. oingle sheet conglomerate (b) , resting with slight 

erosion only upon massive sandstone (a) . No te that 

t he conglomerate unit shows a slight upward 

coarsening , and is overlain without erosion 

by multiple conglomerate Shc3ts consisting mainly 

of feldspar rich gravels . 

B. General form of large channel conglomerates , showing 

coarse ~oorly sorted erosively based conglomerates 

with evidence of lateral migration . ( scale : 10m exposed) 

C, D. Erosion at the base of single congl omerate sheets . 

~ote that in both cases , erosion i s restricted to 

minor scouring wit h coarse ' lag ' infills . 
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Plate 3.2 Sediments of subfacies Bla (the Dundarg Castle Conglomerate 

Formation) . 

A. Ninor eros ion and channeling within multiple sheet 

conglomerates . Note that overall , the deposits are 

poorly sorted , and have an abundant feldspar gravel 

matrix , 

B. Multiple conglomerate sheets , showing the predominance 

of gravel and small pebbles within such conglomerates , 

and illustrating the magnitude of small erosion 

and development of minor cross-stratification. 

c. Multiple fine conglomerate sheets , showing again 

the predominance of gravels in such deposits , and the 

presence of minor erosion surfaces and scours which 

are possibly of aeolian origin , ie . deflation surfaces . 

(scale : exposed thickness 4m) 





Plate J.J 

A. 

Sediments of subfacies Bla (The Dundarg Castle Conglomerate 

Forma tion ) • 

t'lajor channel infUI structure shm.,ring the presence 

of (b ) coarse conglomerate at the base of the channel , 

(a) whole channel deposit is overlain by 

multistorey conglomerate unit . 

Note that the coarse channel fill conglomerate rises 

slightly up onto successive channel margins producing 

low angle cross-stratification. This feature is 

limited evidence of the lateral migration of channel 

units , significantly , lateral migration is never 

extensive and final infill usually ' chokes ' the ~hannel . 

B. 'l'he same channel unit as above showing that the channel 

is cut on multistorey conglomerate sheets (a) of a 

quite coarse nature . 

The detailed form of the low angle (epsilon type) 

cross-stratification is shown to the right of the plate . 

Thin conglomerate sheets ( b , c, and d) alternate with 

coarse sandstones forming thin conglomerate based 

fining units , each quite sharply based, and possibly 

implying pulsatory flow . 

The overlying multiple conglomerate sheets are indicated 

at (e ). 

C:. A J Il('I-':" ( ; IIIUlflll L tnJ'1 I J , UhOH 1111-': It CI)jJ.rlHJ , IIIUlJlJj vu , 

I)()c)('ly I () I ' Lult buL l/IulLi uLorfJY in1'l11. NoLu that LlIu 

1111111. i phlll (J ovoni ilJ (Jvidunt frlJ/O Lhin lJandy Il ori~onll 

VI j Lhin LIllo; cone-lolllL:!'uL(l , cO(jj'urlflin~ .liLh 'IjLop.pin~ 0:1' 

the ero:;ion urface ( reactivation surfaces) . 

( scale : 6m exposed) 
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Plate 3.4 Sed iments of subfacies Bla (The Dundarg Castle Conglomerate 

Formation) . 

A. Small erosion Scour infilled by very well-sorted 

pebble conglomerate (a) , occurring within multiple 

conglomerate sheet type deposits . 

B. General form of multiple conglomerate sheet type 

deposits. 

C. General for~ of channel fill conglomerate (small scale) . 

Note poor sor ting and wide size range . Although the 

coarse mode is poorly sorted , the fine population is 

very much diminished . 

(scale ; notebook at bottom right 14 cm wide) 
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Plate 3.5 Sediments of subfacies Bla (The Dundarg Castle 

Conglomerate Formation) . 

A. Cross-stratified gravels 

B. Cross- stratified sandy gra·vels 

C. Intraformational ' sand clasts ' (a and b) . 

!lote the subsequent deformation (a) . 





l:'late 3.6 Sediment s of subfacies B2a (The Castle Hill 

~ndstone Formation). 

A. General appearance of the lower member of the Castle 

Hill Sandstone sequence . 

The illustration shows several typical features : 

(i) the presence of a rare but thick red clay level, 

(at the base of the section -lower left) 

(ii) convoluted sandstones (above hammer shaft) , 

(iii) f lat bedded sandstones above convolute horizon , 

note occassional pebble strings , 

(iv) f ollowed by wedge shaped unit of cross- stratified 

sandstone with mudclasts on foresets , 

( v) fo llowed by further convolute horizons . 

Note abundant bleached or reduction zones . 

B. De tailed view of cross-stratified unit figured in plate A 

showing abundant intraformational mudclasts uppn foresets . 

(a) flat bedded sandstones with pebble strings , 

(b ) cross- stratified horizon (note coin for scale) 

C. At higher stratigraphic levels conglomerate becomes 

more abundant . 

Flat bedded sandstone (a) with erosion scour infilled 

by cross- s tratified gravel rich sandstone (b) , end 

overlain by sandstone with abundant pebble and gravel 

strings (c) . 





~late 3.7 Sediments of subfacies B2a (The Castle Hill Sandstone 

Formation) . 

A. Convolute bedded sandstones . 

B. Nudflake conglomerate within an extensively bleached 

zone . (scale 50 cm exposed) 

C. :Jmall scour infilled with mudflake conglomerate . 





.P late 3. '3 Sediments of subfacies B2a (The Castle Hill Sandstone 

Forma tion ) • 

A. General form of the uPIJer member of the Castle Hill 

Sandstone Formation . 

As in the Dundarg Castle r.onglomerate sequence , 

subfacies Bla , multiple thin conglomerate sheets (a) , 

alternate with coarse sandstones (b) , and small 

erosively based cortglomerate sheets (c) . 

( scale : thickness ex~osed 4m) 

. B. Detail of conglomerate from upper member , showing 

quite fine , but poorly sorted gravel grade conglomerate . 

c. Unusual channel fill from within the upper member , 

showing an erosively ~sed channel unit infilled 

by poorly sort ed conglomerate (a ) (note blade like 

fragments of slate rich conglomerate ). Within the 

channel unit , a large intrafor~ational block of 

sandstone (b) showing disoriented bedding occurs , 

a nd offers clear evidence of bank caving and 

floodplain destruction . 





Plat 3.9 Sediments of subfacies C3 ('l'he west Harbour Formation). 

B, C, 

:Polished impregnated block of typical It/e st Harbour 

Fcrmation sands tone. 

The sandstones are highly micaceous , very fine grained , 

and occur in units commonly based by flat bedding (x) 

from which ripple cross-lamination develops (y) , 

commonly climbing ripple cross-lamination . 

( scale bar = 5 cm) 

Bedding surfaces preserving trains of ripples (asymmetric) 

~e spons ible for the prodUction of the above illustrated 

ripple lamination . 
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Plate 3.10 Sediments of subfacies C3 (The West Harbour Formation) . 

A. Typical coarse portion to a cycle within the lower member . 

Under l ying cycle : 

(a) siltstone fining rapidly into very fine siltstone / 

mudstone (b) , 

(c) interdigitation of rippled sandstone sheets , 

(d) f inal deposit of thinly laminated mudstone . 

Overlying cycle : 

(6) s light erosion and deposition of sandstone as ripple 

drifted sand sheets , 

(f) climbing ripple cross-lamination develops rapidly 

and forms most of coars~ member , 

(g ) ri~ple s become washed out prior to the rapid fining 

of grain size into the overlying siltstone portion 

of the cycle . 

B. Further example of coarse portion to cycle : 

(a) un erlying sandstone grading rapidly into siltstone (b) , 

(c) overlying cycle starts with no apparent erosion and 

cons ists of ripple laminated sandotones throughout (d) , 

note the increase in ripple size at the top of the unit (e) , 

prior to the siltstone portion of the cycle (f) . 

c. (a) ripple laminated sandstone overlain by silt portion 

of cycle (b). 

Followed by next cycle (c) consisting initially of rippled 

sandstones (c), but cycle has been eroded and infilled 

by planar cross-stratified sandstone (d) or avalanche front 

cross- s tratification . 

D. Further example of form of cycle : 

(a) laminated mudstone overlain by base of next cycle (b) , 

cons i s ting of ripple-laminated sand stone , overlain by flat 

bedded sandstones (c) before decreasing in grain size and 

eradine into silts tone (d) . 

(continued ••••••• ) 





Plate 3.11 Sediments of subfacies C3 (The west Harbour Formation) • . 

A series of plates illustrating the general form of the 

sediments of the upper West Harbour member . 

A. Broad cross stratified channel infills forming a multistorey 

unit. 

B. Detail of channel infill . 

(a) underlying siltstone followed by erosive channel 

sandstone (b) with abundant ripple laminated sandstone infill . 

Unit (b) grades into coarse siltstone with parallel bedding , 

before being partially eroded and overlain by the following 

channel unit (c) , again largely ripple. laminated sandstone . 

Unit (c) finally grades into siltstone and eventually mudstone 

before being capped by a broad sheet of ripple laminated . 

sandstone (d) . 

c. Further example of channel infills showing identical serier, 

of events as in previous plate. Note that final capping of 

sandstone is laterally persistent , comparable to cycles 

within the lower member . 

D. Detail of channel fill sandstone . 

(a) underlying siltstone , 

(b) ripple drift infilling of channel unit , fining into 

Siltstone , 

(c) mudflake conglomerate of base of succeeding erosion 

surface , 

(d) succeeding channel infill . 





Plate 3 .12 Sediments of subfacies c4 (Dundarg Castle Sandstone 

formation) . 

Detail of broad gravel filled channel unit showing 

the relatively shallow depression (smooth based) infilled 

by massive gravel . ~ote that the gravel floats 

within a coarse san~ ffiatrix (a). 

Detail of the form of a portion of one of the subfacies C4 

coarse members . 

Note the occurrence of distinct sharp based units of 

gravel rich ~ndstone resting upon conglomerate (a). 

The unit of gravely sandstone (b) coarsens upwards 

into a fine pebble / gravel conglomerate. 

Coarsening upward units in similar deposits are often 

ascribed to the mugration of longitudinal bars. 





Plate 3.13 Jed iments of subfacies c4 (The Dundarg Castle ~ndstone 

Formation) . 

A. Typical appearance of deposits from within the fine 

members of the Dundarg Castle Sandstone Formation . 

(a) fine grained sandstones (always very thin) 

alternate with thinly interbedded fine and very fine 

wavy- bedded type of sandstones (b) • 

. B. reservation of symmetrical ripples within wavy-bedded 

very fine sandstones . Ripple form has a thin mud 

veneer , and ripple tops have been eroded by subsequent 

deposits . 

C. \avy- bedded deposits showing convolute bedding. 





.P late 3.14 The Findon Fish Bed . 

A l hotograyh of an acetate peel from a nodule from 

the Findon Fish Bed . 

J-iote the presence of fine organic / carbonate / clastic 

lamination ( very much expanded by carbonate within 

nodules) , and also the well-developed ' cone in 

cone ' structure . 

'The cone in cone development shows several important 

f eatures including the major expansion of individual 

layers (see the stepped portion of a cone in t he 

centre of the field) , and also t he two dominant 

angles of cone developmei1t . 

The magnitude of the cone angle "is generally accepted 

to indicate overburden pressure , and therefore a 

sharp angle of cone r~y correspond to early nodule 

development , whilst a low angle records subsequent 

owth under higher pressures . 

(scale : width of field 6 cm ) 

(3 ) C " Details of the two angles of cone development. 

showing two stages of calcite crystalisation (plate b 

plane polarised light ; Plate c, crossed polars ) 

(scale : width of field lcm) 
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stereographic projection of the orientation and inclination 

of large blade and disc shaped blocks within the Fleckies 

Meadow Conglomerate. (Data corrected for dip of strata.) 



Figure 4.2 Summary of paleocurrent data for the ~6tern 

Coastal Section . 

(a) Axes of troughs and large scours , direction 

confirmed by cross stratification. 

(b) Channel axes with cross-stratification . 

(c) Ripple cross- lamination. 

(d) Symmetrical ripple axes . 

(e) Parting lineation . 

(f) Ripple cross-laminatio~ . 

(g) Cross- stratified sandstone . 

(h) Ripple cross- lamination . 
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Figure 4.3 Orientation of the long axes of pebbles within 

the Dundarg Castle Conglomerate Formation . 

Sample points are in ascending stratigraphic order, 

and Na 50 in all cases . 

(A) Port an Doon . 

(B) Dundarg Castle . 

(C) Counter Head . 

(D) Little Haven . 

(E) Boat Shore . 

(F) New Aberdour Shore . 

(c) New Aberdour Shore . 
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Figure 4.4 Summary of paleocurrent data for the lower part 

of the Western Coastal Section sequence . 

(a) Cross-stratification. 

(b) Symmetrical ripple axes. 

(c) Cross-lamination. 

(d) Symmetrical ripple axes. (lower member). 

(e) Symmetrical ripple axes. (upper member). 

(f) Cross-lamination . (upper member). 
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!n=22] 
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East Harbour 
Formation 

Crovie Siltstone 
Formation 

Crovie Sandstone 
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Figure 4.5 Summary of paleocurrent data for the upper part 

of the western Coastal Section sequence. 

(a) Cross-lamination , lower member. 

(b) Trough axes, upper member . 

(c) Cros~-lamination, upper member. 

Cd) Cross-stratification, lower fine member. 

(e) Cross-stratification, upper coarse member. 

(f) Cross-stratification and imbrication. 
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Figure 4.6 Summary of Rhynie paleocurrent data. 
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Figures 4.8, 4.9, and 4.10. Analysis of Conglomerate 

Composition. 

Within the following three diagrams, the proportions of 

the following seven rock types are illustrated, for easy 

assessment of the diagrams the rock types are arranged 

in the same order in all diagrams. 

D 
o 
G 
D 
D 
D 
o 

Granite. 

~orphyritic Felsite. 

Quartzite ( darker shading corresponds to 

the unique Need Haven variety of 

quartz ite ) • 
Vein quartz. 

psammitic schist. 

Pelitic schist. 

Andalusite schist. 



New Aberdour Shore 

Boat Shore 

Little Haven 

Counter Head 

DJndarg Cas tle 

Fleckies Meadow 

Port an Doon 

Figure 4.8 summary of conglomerate . composition for the Eastern 

.C.oastal Section . 
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Coral Haven 

Pennon 
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Pennan Head 

Quarry 

Sandy Haven 

Figure 4.9 Summary of conglomerate composition for the Central Coastal Section. 
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Figure 4.10 Summary of conglomerate composition for the Western 
Coastal Section. 



Granite. Suartzlte and Schistose Grits. 

Slate, Phyllite, and Mica Schist. Banffshire 

Figure 4,11 Distribution of rock types common to the conglomerates of the 
study area, . 



. ' , 

. J". 

Figure 4.12 Reconstruction of Source Area based on Granite ldentific~tion 

Localities: 

1. Hewdale. 

2. Inchbrae. ,. !briachan. 

4. Huntly. 

5. Correnie. 
b • BeIlrul.chie. 

7. Rubislaw.' 

by )jackie (192'). 

(Bo~id arrows represent granites 
aocepted from present study, open 

arrows are those rejected.) 
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"" Figure 4.13 

~ 
Psammitic assemblage, consisting of 

small screes and gully fills corrpnsf!d of 

locally df!riv#!d psammi tic schists, grits, 

andalusitft schists and lTIf!Ia- conglotnf!f'Qte 

Composition reflects local basement 

~./I 

OJorlr'tic assemblage, 

derived from soutt:em quadrant 

compnse<l of psamrn/tic and pelitIC 

$dIists, WIth grall/t., felSIte and abwldatt 

quarlri.. Sma' amounts of feldspar gravel are COIM'IOfI. 

GrarootlC assemblage derwf!d from 

south-eastenl quadrant, conslsl"'9 of 
abundant psam,.,.,w.: '1nd s_ pell'IC . 

schists With /aryf! quantltlti of gr'1fltte 

artd porphyritic fetSlte 
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Summary of paleogeography of the Gamrie Outlier in terms of paleocUrrents 

and conglomerate composition. 
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Figure 4.15 

(A) 

(B) 

Modal analysis of sandstones from the Eastern(A) 

and Western (B) Coastal Sections. 

(a) Quarryhead. 

(b) Dundarg castle Conglomerate }i'ormation. 

(c) New Aberdour Siltstone Formation. 

(a) CrovieSandstone Formation. 

(b) East Harbour Formation. 

(c) Castle Hill Sandstone Formation. 
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Figure 4.16 (A) 

Figure 4.16 (B) 

Modal Analysis of sandstones of the 

Central Coastal Section. 

(a) Pennan Sandstone. 

(b) Pennan Head Conglomeratic Sandstone. 

Effect of grain size on modal composition 

of sandstones from the Dundarg Castle 

Conglomerate Formation • 

• - fine sandstones only 

0- up to granule grade included 

, . 
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Figure 4.17 

(A) 

(B) 

Analysis of Quartz type in the Eastern (A) 

and Western (.B) Coastal Sections. 

(a) Quarryhead. 

(b) Dundarg Castle Conglomerate Formation. 

(c) Dundarg Castle Sandstone Formation. 

(d) New Aberdour Siltstone Formation. 

(a) Crovie Sandstone Formation. 

(b) East Harbour Formation. 

(c) Castle Hill Sandstone Formation. 
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Figure 4.18 (A) 

Figure 4.18 (B) 

Analysis of Quartz type in sandstones from 
the Central Coastal Section. 

(a) Pennan Head Conglomerate. 

(b) Pennan Sandstone. 

Effect of grain size on the abundance of 
quartz types. 

cc fine sandstone 

up to granule grade included 

Dundarg Castle Conglomerate Formation. 

Dundarg Castle Sandstone Formation. 
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Figure 4.19 

Figure 4.19 (B) 

Modai Analysis of sandstones from 

the Rhynie Outlier. 

(a) Tillybrachty· Sandstones. 

(b) Lower Red Shales. 

(c) Quarryhill Sandstones. 

(d) Dryden Fla,;s. 

Analysis of Quartz type in the 

sandstones of the Rhynie Outlier. 

(a) Tillybrachty Sandstones. 

(b) Lower Red Shales. 

(c) Quarryhill Sandstones. 

(d) Dryden Flags. 
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Figure 4.2~ . Possible relationships between the isolate Old Red Sandstone Outcrops in the 

north east Grampians. in relation to major structural features. 
(arrows represent apparent transport of sediment). 
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Figure 4.23 Structural interpretation of the Gamrie OUtlier based. on 

geophysical evidence (after Ashcrof~' and Wilson 1976). 
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Figure 4 . 2~(A)Detailed interpretation of the form of the basement 

in the northern part of the Outlier (from aShcroft 

and Wilson 1976) , showing major fault trends 

considered to be structural feature~ during deposition 

of the Old Red sandstone . 

Figure 4. 2~(B) Detailed reconstruction of possible paleogeography 

of the northern part of the Outlier employing the 

above evidence , and incorporating paleocurrent and 

source rock evidence . 

Essentially, the Longmanshill Granite (A) probably a . 

tOJ}ographic high , provided granite and Banff shire Slate 

to the Western Coastal Section (A). This same region 

provided slate detritus to the Quartzite rich assemblage 

originating south of the area (E), whilst at other 

times, the Strichen granite to the east provided a 

granite rich supply of detritus (C). The Strichen 

Granite could also easily supply the Dundarg Castle 

Conglomerates with their granite , felsite, and feldspar 

material.(D) 

By this simple model it is therefore pOSsible to 

provide the granite pebble suite , the slate suite , 

and more significantly, the mixed assemblage based 

on quartzite of the Central Coastal Section . 
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Figure 5 . 2 Sketches (from photographs) of the form of pipes and cylinders from Counter Head , 



Figure 5.3 

o 2 3 4 

ems. 

Sketches of vertical sections through pipes from 

Counter Head showing the relationship between 

sandy (light) and silty (dark) pipe infill. 

a 

b 
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Figure 5.4 Loccition map of sites within the Gamrie OUtlier displaying structures of 'plugged pipe' form. 



Plate 5 . 1 Small scale burrows from the Quarryhill Sandstone 

sequence . 

A. General appearance of the interbedded sandstone and 

siltstone of the floodplain deposits in which the 

small scale burrows commonly occur . Small infilled 

burrows are just vis ible . (scale : 2cm) 

B. General appearance of floodplain sediment ,-lith 

abundant burrows . (scale :2cm) 

c. Enlargement of porti on of above photograph showing 

detail of burrows . fote the displaci ve nature of 

burrows , and the form of the sediment infill . (scale : lcm) 
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Plate 5.2 Collection of surface markings from Hithin the 

Qual.'ryhill Sa.ndstone sequence. - -

A. Undersurface , (ie a cast) of the numerOl).s 

surface impre ssions found "lithin a thin floodplain 

sandst.one . 

B. Plaster cast from the above specimen showing the 

true form of the surface markings . Note that 

many of the markings exist as a s trong positive 

relief . (scale: 2cm) 

.. 
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Plate 5.3 Enlargements of' portions of the plaster cast 

detailed in the previous plate. 

At C Enlargements of parts of the plaster cast 

. showing the curved pocitive relief features 

in greater detail. Infilled small scale burrows 

are (previously illustrated in plate 5.1) arrowed. 

(scale 12cm) . 

B, D Sketches from the above plates showing possible 

relationships between series of curved traces, 

and suggesting a possible genetic relationship. 
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Plate 5.4 Exnerimcntally produced surface features 

compar able to those illustrated in plates 5 . 2, 3. 

Plates A and B shol-1 the results of the total 

desiccation of an originally photosynthesising 

alga.l layer . The scale bar in both instances 

represents 1 cm . 

Note the similar shape and form of .the positive 

relief features , and also the similar range of 

shapes and sizes produced . 



Plate 5·4 



Plate 5.5 

• 

Smooth surface tra il from Hithin the Quarryhill 

Sandstone sequence. 

Smooth trail preserved Hithin floodplain 

sandstone , as a thin film of red mud . 

(scale: field width 10 -cm) 

, 



Plate 5 ·5 



Plate 5.6 Sharp surface impressions, Quarryhill Sandstone . 

A. General form of surface impressions as found 

on the undersurface of a floodplain sandstone 

unit within the Quarryhill Sandstone sequence . 

( 'scale : 2cm) 

B. Plaster. ~ast of the above area , sho"ling the ' true ' 

form of the traces . Note the paired , parallel 

series of simple depressions probably co~~esponding 

to walking trails. 

( scale : 2cm) 
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Plat.e 5.7 

A. Small mud-filled burrows within floodplain 

sediments in the West Harbour Formation at 

Gardenstov;n. 

13. Undersurface of sa.ndstone unit in the Qunrryhill 

Sandstone sequence showing probable plant stems . 

(scale: 10 em) 



Q 
: . . l' · f ' ., • 

! J.. 

. " \ .. : . c.-~ ,.. 

b 



Plate 5.8 Mud-filled t ubes from wi thin the Quarryhill Sandstone 

sequence. 

A. General form and extent of mud-filled tubes. here 

shown almost traversing a thick. massive sandstone 

unit . ( scale : field width 5m) 

B. Detailed view of mud-filled tu"r->es showing thin 

slender nature of tubes . and common interHining 

appearance . 

c. View of mud-filled tu':es on bedding plane surface 

showing sections of tubes as small circ~lar pits . 





Plate .5 .9 Carbonate f illed tubes, Q.uarryhead . 

A series of plates demonstrating the general 

form and appearance of the carbonate filled tubes 

found within the lowest sediments at Quarryhead . 

Note the general consistency of size, the repeated 

branching, and that the tubes appear unrelated to 

bedding surfaces . 

The scale is indicated by a pencil i n the up1~r 

two photographs, the field width is 40 cm in the 

lower view . 





Plate 5.10 Carbonate filled tubes, Quarryhead . 

A. Further view of carbonate filled tubes, ShO'Ting 

related smaller scale structures. 

(hammer marked in 10 cm intervals) 

B. Detail of a carbcnate filled tube showing the 

presence of a hollow core. 

(coin for scale approx. 3cm) 
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Figure 6.1 

S.E.M. 
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Schematic reconstruction of hematite development in 

biotite flakes combining evidence from Scanning Electron 

Microscopy ' (S.E.M.) and Thin Sections (T. S.). 

1. development of isolate hematite flakes 

2. coalescing of hematite flakes 

3. formation of sheets of hematite flak3s 

r: r: f-
~ 

4. coalescing of sheets ~ hematite flakes to eventually 

produce ,an opaque replace~ent of original grain. 
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Figure 6.2 Portions of X-Ray Diffractograms of selected fresh and 

altered Biotite showing expansion of the 001 cleavage 

with. hematite development. 
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Figure 6.3 Examples of X-Ray Diffractograms of clay fractions from 

Red and Drab sediments. 
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Figure 6.4 Portions of X-Ray Diffractograms of clay fractions of 

Red and Drab sediments showing separation of Chlorite 

and Kaolinite peaks by 'slow scan' method. 
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Figure 6.8 Summary of chemical analysis showing relationships between 

Ferric, Ferrous and Total Iron in Red, Brown and Drab 

sediments. 
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1 0·11 0·70 0·16 0·84 0·13'2450·99. 
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Figure 6.9 Q-Mode dendrogram showing the relationship between 

chemical analysis of individual sediments in terms 

of major elements. 
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Plate 6.1 J.Jocation of Hematite pigment in sediments . 

A. Laminated mudstone from the West Harbour Formation 

showing the influence of grain size upon colour . 

The graded units show that the coarser silt/v.f . sand 

portion remains drab , whilst the fine upper portion 

(mud) is intensely hematised , producing a distinct 

red (r) - drab (d) alternation. Thicker regions of 

coarse or fine sediment maintain t his colour difference 

in broad red (R) or drab (D) zones . ( scale : natural size) . 

B. Hudstone intraclast transected by a reduction spot . 

The area within the spot. remains drab , whilst the area 

outside is intensely hematised . (field ,ddth Imm ) 
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Plate 6. 2 Polished surface of a ripple laminated sandstone 

from the Quarryhill SClnd.stone Formation near Rhynie . 

Biotite mica is abundant in the lee of the ripple 

structure, appearing as a broad diagonal zone. 

Hematisation of detrital mica has occurred, but 

significantly, the in-situ degradation of such micas 

has resulted in the very local remobilisation of 

hematite. 

The remobilised hematite is now concentrated in 

small spots around large mica flakes in the lee 

of the ripple. (scale: width of field 15cm) 
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Plate 6.3 

A. 

General form of hematite pigment within the sed iments . 

Photomicrograph of hematite on a grain surface (red pigment). 

Note the general consistency 'of size, and in particular 

the pseudohexagonal form of some of the flakes . 

(scale: field width 110 m) . 

B. Highly magnified vie,-I' (photomicrograph) of a biotite 

flake from a red sandstone showing the intercleavage 

development of thin sheet like flakes of hematite (arrowed) . 

(scaler field width 110 TIl) . 
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Plate 6.4 A series of photomicrographs showing the general 

f orm of hematite pi@nentation as grain coatings 

in red sandstone (plates a , b , and c ) compared 

with the absence of pigment in a drab sandstone 

(plat e d). 

( scal e: field width in all cases 1 mm ). 
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Plate 6.5 Photomicrographs demonstrating the form of the 

hematite grain pigment. 

A. Thick pellicle of hematite which may be absent 

from grain contacts (x), present at grain contacts 

(y), or very thick in areas of grain contact (z). 

(scale: field width 0.75mm) 

B. Thin, dense pellicle of hema ti te shOl-ling a lack of 

pigment on most contacts (a, b, c), but present 

on others (d). (scale: field width 0.75 mm) 

C. Further view of hematite coating to grains, this time 

all contacts ShO'l-1 the presence of pigment. 

(scale 0.75 mm) 

D. Enlargement of grain contact showing finely divided 

hematite pigment on grain contacts.(scale: field width O.5mm) 

E. Enlargement of grain contact showing absence of 

hematite pigment- in a region ",here quartz overgroH,th 

has occurred. (scale: field width 0.75mm) 

F'. Enlargement of erain contact showing lack of pigment 

in the case of' a simple grain contact \-lith no overgrowth . 

(scales field width 0.25 ~m) 
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Plate 6.6 other textural sites for hematite. 

A. Irregular shaped hematite in fine sandstone , 

but still showing distinct boundaries. 

( scale: fie ld 1-rid th .4 5mm) 

B. Irregular shaped hematite within a red sandstone 

showing indistinct boundaries, and enclosing 

small detrital silt grains. Possibly a hematised 

intraclast. ( scale : field width 0.5 mm) 

C. Dense area of hematite showing signs of remobilisation. 

Hematite is penetrating into cracks, and between grain 

contacts (b, c, d). (scale: field width 0.5 rom) 

D. Further example as above. Such instances ~~y provide 

evidence of remobilisation of detrital hematite grains. 

( scale : field width 0.5mm) 

E. HematHe grain (detrital ) sandwiched between grain 

contacts, and. having suffered subsequent deformation 

and remobilisation. (scale: field width 0. 5 mm ) 

F. Hematite pigment concentrated within an embatment 

on a detrital quartz grain .( scale : field width O.5mm) 

... 
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Plate 6.7 Relationship of hematite pigment to other mineral 

developments. 

In the following series of photomicrographs, the 

same field is displayed on the right under crossed 

polars . 

A,B ·Qu8.rtz grains almost in contact, separated by a 

small development of authigenic ka.o1inite (b). 

The kaolinite is coated with a relatively thick layer 

of hematite before a pore filling phase of calcite (c). 

( scale : field 1lid th 0.15 mm) 

C,D An extensive pora filling of kaolL~ite (b), this 

time clearly pcstdating a thick development of grain 

coating hematite . (scala: field width 0.5 mm) 

E,F Plagioclase feldspar showing a coating of hematite 

pigment , plus smaller amou"''lts of hematite on cleavage 

plains. Pigmentation i!aS then followed by a slight 

feldspar overgrowth, which appears unpigmented. 

(field ,·ddth : 0.5 nun) 
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Plate 6.8 Relationship of hematite d8vclopment to other miner a l 

developments. 

A. Detrital quartz grains l-lith :irregular overgrowths. 

Note that the detrital grains are pigmented prior to 

the overgrowth. Extensive pore filling by hematite 

followed. (scale: field width 0.75mm) 

B. Extreme cavity lining by hematite in a red sandstone. 

(scale zfield width O.75mm) 

C. A small overgrowth on a detrital quartz grain 'tri th 

no apparent initial hematite pigment. Follolmd by 

extensive hematit6 in a pore filling phase. 

( scale: f ie ld wid th 0.5 Tn.l1l ) 

D. Intergrowth of hematite and Y~olinite . 

(scale : field width 0.5mm) 

E. Enlarged view of euhedral quartz overgrowth. 

(scale: field "lidth 0.1 mm ) 

F. Enlarged view of kaolinite intergrowth with hematite . 

( scale :field width O.05mm) 
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Plate 6.9 Scanning electron micrographs of mineral developmen.ts 

uithin red sandstones . 

A. Detrital quartz grain (Q) showing an adjacent pore 

filling of calcite (C). (scale:field width 50 m) 

B. . Q.uartz grains showing an intergrain development of 

coarse grained kaolinite. Note the 'book' form con~on 

in the variety Dickite .(scale: field width 50 m) 

C. Quartz grain (Y), with coating of iron oxide possibly 

goethite , and showing a colloform texture . 

(scale : field width 50 m) 

D. Authigenic feldspar growing ~Ti thin a biotite flake . 

(scale: field width 25 m) 
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Plate 6.10 A selection of detrital opaque oxides found 

within r ed sandstones • 

. A. Irregul arly shaped detri tal opaque oxide grains. 

( scale: fielci ''l id.th 0.5 nun ) 

B. Detrital opaque oxide showing very well-rounded 

ferm I ( scale: field ,ddth 0.3 r.un ) 

C. Det.rital opaque oxide grain showing a pseudo­

hexagonal form, suggesting mini~Al transport. 

(scale: f iel width 0.3 mm) 
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Plate 6.11 Photomicrographs of polished blocks showing the 

nature of the detr i tal hematite grains, and f orm 

of the hematite within a hematised biotite . 

A. Detrital hematite gr'ain shoHing intense corrosion 

pits and channels, plus boundary corrosion leavL~g 

a grain shape unlikely to have survived transport. 

( scale : field width 0.15mro ) 

B. Polished section through a hel'll8,tised biotite mica 

showing high reflecting hematite occupying a 

cleavage site. (scale : field width 0.15mm) 

e,D Detrital hematite grain showing abundant corrosion 

pits, and under crossed polars (plat.e :0) a faint 

marti tisation texture i s apparent . 'l'his implies tha t 

the grain is a hematised magnetite grain. 

(scale: field width 0.15 mm) 

E,F Further example of a detrital hematite grain showing 

distinct corrosion channels parallel to the marti ti f:.a. tion 

texture apparent under crossed polars (plate F) • 

( scale : field 101idth 0. 15 rom ) 

In the above ~hotomicrograp'hs, the grains shown were isolated 

using heavy liquid techniques , mounted in a methyl-methacrelate 

re s in , and polished . 'l'he photographs Here taken using 

'Antiflex' x16 oil immersion objectives. 
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Plate 6.12 Series of photomicrographs showing the nature and 

location of hematite within biotites in red sands tones . 

A. General view of the form of the fine particulate hematite . 

B. Thin flakes of hematite occurring within intercleavage 

positions in a biotite flake . 

C. Early stage of hematisation of a detrital biotite . 

Note slight hematisation of cleavages , most pronounced 

in areas Hhere compaction has bucltled and opened the 

cleavage . 

D. More advenced stage of hematisation where intercl eavage 

hematite is extensive and begins to coalesce into distinct 

sheets . 

E. Similar to above , but note extensive hematite development 

again loTi thin a ' buckled ' cleavage site . 

F. Hature stage of biotite hematisation prior to complete 

pseudomorphing of flake . Hematite exists in tnick sheets , 

no longer in single cleavage sites . Sheets have coalesced . 
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Plate 6.13 Scanning electron micrographs of hematite develop ent 

in biotite micas from r ed sandstones. 

A. Hand picked biotite flakes in various states of 

hematisation Here selected from heavy mineral 

concentrates, and split to expose fresh cleavage 

surfaces. 

B. General view of hematite development on a cleavage 

surface . Note clustered , pseudo-hexagonal forms 

often stacked, 

C. Hematite development on a cleavage surface . Note 

range in size , and good pseudo-hexagonal form of 

large!:' flakes . 

D. pseudo-hexagonal flake ' emerging ' from the surface 

of a biotite cleavage flake, 
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Plate 6.14 Summ~' of E.D .A.X. a'1alysis of hematite develo pment 

stages. 

The adjacent series of electron micrographs and copies 

of EDAX traces demonstrate the concentration of Fe 

in preference to Hg ,Altand 8i in regions where hematite 

is developing. Plate (a) illustrates a relatively early 

stage in hematite de elopment , while (b) shows an advanced 

stage lihere flakes of hematite are beginning to separate . 

Diagram (1) shm·rs the relative concentra.tion of the elBments 

mentioned in areas of hematite flake development. 

Diagram (2 ) compares this composition in background areas 

\o,here no development is apparent . 

Note that in the very early stage of hematite development 

the cleavage surface merely develops small 'dimples '. 
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Plate 6.15 Summary of E.D.A.X analysis of progressive hematite 

development. 

A. Early stage of hematite development , pseudo-hexagonal 

flakes separating from clea.vage surfaces. Note 

that Fe is enriched in the adjacent EDAX trace in 

compaLison to Mg, AI, and Si t 

B. More mature stage of hematisation. Note that Hg , /,.1 

and 8i are still quite high . 

C. Final stage of hematisation, when flake is totally 

pseudomorphed by hematite . Note that Mg , AI , and Si 

peaks are very much reduced . 

In all of the above EOAX figures , tha analysis has been 

performed at sites indicated by arrows (representing site~ 

con sidered to be locations of hema ti te develo pmen t ) • 
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Figure 7. 1 Logged section through the Counter Head Siltstone sequence 
showing the distribution of various forms of carbonate 

accumulation . (letters refer to the text) . 
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Plate 7.1 Calcrete development at Quarr r..ead, field 

appearance. 

A. General form of calcrete profile showing the 

range of nodule size, and density of development. 

(a) mature stage of development, 

(b) immature stage of development . 

(scale: 1m) 

B. Mature stage of nodule development . 

Note that nodules coalosce into vertical ' pipe like ' 

elements ( a , b). 

Overlain by floodplain siltstones with few nodul s . 
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Plate 7.2 Stages of calcrete deve lopment at ~uarryhead and 

at Croyle. 

A. Development of prismatic peds . 

B. Initiation of carbonate accumulation rlithin . 
peds. 

C. Localised development of small nodules . 
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Plate 7.3 Stages of calcre te development at Quarryhcad and 

at Crovie. 

A. An uncommon stage where shrinkeage cracks between 

peds are infilled by carbonate, producing a brecciated 

appearance. 

B. Original small nodules enlarge and begin to coalesce. 

Not e slight vertical stacking of nodules (a), conforming 

to the original FCd structure . 

c. Gross nodule enlargement, until most individuals 

are in 'close contact. (scale 15 cm) 
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Plate 7.4 Counter Head type of calcrete development . 

A. Continuous thin sheets of carbonate (t~e F) . 

B. Continuous thin sheets of carbonate (type F). 

C. Isolate elliptical nodules generally occurring in 

persistent sheets (type C). 

D. Continuous thin sheets of carbonate (type F) 

E. Thin discontinuous sheets of carbonate interbedded 

with clastic sediment (types A ruld B). 

F. Isolate elongate nodules (type C). 
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Plate 7.5 

A. 

Counter Head type of calcrete development . 

Sheet of carbonate with well-developed 

desiccation polygons. 

B. Clustered nodules (type E). 

C. Hassive ' knoll' type of carbonate accumulation . 

(type H, J). 

D. '}1assive ' knc.ll ' type of carbonate development, 

note the displacement of the overlying siltstone (a) . 

E. 'Tepee ' type small anticline structure within 

thin sheets of carbonate . (vertical axis arrowed). 

F. ' Knoll ' of carbonate with ' dense development of 

clustered nodules above (a). 

• 
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Plate 7 6 Counter Head t ype of calcrete development . 

A. I solated ' knoll ' laterally adjacent to a single 

carbonate sheet. 

Note that development of the ' knoll' overlies a 

previous 'knoll' d.evelopment, and that overlying 

carbonate development remains unaffected. 

B. Regular spacing of carbonate ' knolls ' along a single 

horizon . (arrOl'lS indicate a separation in this instance 

of approx. 6m) . 

C. Carbonate ' knoll ' showing overlying clusters of small 

nodules . 

D. General view of the vertical arrangement of carbonate 

' knolls '. Note that several follow in vertical sequence . 

(width of centre of field approx . 10 m) 
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Pl ate 7.7 Photomicrographs of Quarryhead / Crovie type nodules . 

A. Photomicrograph of .nodule areas (A), and crystallaria (B) . 

Note the indistinct nature of some of the nodule 

boundaries. 

B. Illustration of several stages of nodule development: 

(A) early, finely crystalline , iron stained nodule 

areas . 

(D) later more coarsely crystalline carbonate, incraesing 

n nodule size . Note retraction fissures . 

C. Multiple phases of nodule development : 

(A) nodule areas , 

(B) crystallaria, 

(C) early crystallaria , 

(D) retraction fissures , latest stage . 

D. Cross cutting retraction fissures (A) . 

( scale in all cases field "Tid th lcm) 
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Pl a te 7. 8 Photomicrographs of calcrete textures. 

A. Detrital quartz grains widely displaced by 

fin e grained carbonate cement. 

(field width lmm) 

B. Biotite mica ' exfoliated ' by carbonate cement, 

also note the fretted quartz grains. 

(field width lmm) 

C. Fenestral void infilled by sparry calcite 

follo~ling an initial drusy spar development. 

(field width lmm) 
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Pla te 7.9 Photo'" micrographs of calcrete textures. 

A. General form of types A and B carbonate. 

Carbonate (C) occurs interbedded with siltstone (S). 

(natural size) 

B. Portion of a brecciated horizon. 

Initial carbonate cemented areas eX), upon 

fracturing, .the voids become partially infilled 

by sediment (Y) and then sparry calcite (Z). 

(field width 2mm) . 

C. Fenestral void infilling . 

Note the presence of a dark zone of inclusions 

around the perimeter of the cavity. At eX) there 

is a suggestio~ of the inclusion patterns recording 

original euhe:dral drusy calcite . 

(field rridth lmm) 
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Plate '7.10 Photomicrographs of' calcrete textur6s. 

A. Brecciated calcrete showing the early ceme nted sediment 

with floating quartz grains (A) , fractured, and 

then recemented by coarser calcite (B). 

(field width ~~m) 

B. Lining of sheet :::rack. 

(A) original carbonate cemented sediment , 

(B) calcite with dense inclusion patterns , but rrith 

evidence of crystal boundaries· fo~med during a later 

phase of recrystallisation , 

(0) evidence of drusy spar preserved by inclusion 

pattern , 

(n ) final coarse sparry calcite infilling remaining void. 

(field width 2mm ) 

O. Lining of sheet _rack . 

(A) original carbonate cemented floodplain sediment . 

(B) pore filling calcite with rich inclusion pattern . 

Inclusion pattern is ps~ticularly dense in narrow 

parts of the void . 

(field width 2mm) , 
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Pl ate 7.11 Photomicro~a~hs of calcrete t extures. 

A. Section of a crys tallaria showing the host nodule 

(A), and the crystallaria (B) . Note the crude 

lamination developed Hithin the crystallaria. 

(w id th of f :'eld 2nun) (cr ossed -polars). 

B. Section through a fenestral void showing host 

sedi ment (A), an initial drusy cavity lL~ing (B), 

and a final stratified sediment infilling to the void 

(c). 

( fi ~ld width: 3mm) 

c. Detailed vi EM of inclusion patr.ern wi thin a. cavi t.y 

lining. Note the preservation of several stages 

of growth indicated by the parallel zones of 

inclusions (C) and(B ) . 

(field width 0.75 mm ) 
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Plate 7.12 

A. 

General features of vadose fabrics within Counterhead 

calcretes. 

Dripstone I microstalactite type of cementatlon 

preserved by inclusions within the calcite. 

(A) floodplain sediffient, 

(B) microstalactite picked out by inclusions, 

(C) note second generation of inclusions. 

(field width 2mm) 

B. Detail of a dripstone feature. Note that the 

recrystallisation of the carbonate is evident from 

the crystal boundaries passing unaffected through the 

inclusion zones. 

(field width'O.5 rom) 

c. As~~etric form of the cavity'liningcement. 

(field width 2mm) 

D. Detailed study cf inclusion zone showing: 

(A) host sediment, 

(B) inclusion zone with clearly defined crystal 

boundaries passing through, 

(C) layer of fine sediment, possibly a cutan formed 

p~ior to final sparry calcite development. 

(field llidth 0.75 mm) 
.,. -~--'---'----
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Plate 7.13 Ferroan dolomite in Counterhead calcrete. 

A. Fibrous ferroan dolomite occurring as a very 

late stage cavity infilling in sheet. cracks. 

(field width lmm) 

. E. Same field as above, crossed polars. 

C. Detail of paragenesis of cements. 

(A) carbonate cemented hest sediment, 

(B) relatively thick fine grained pellicle or 

'cutan'.(Brewer 1964) 

(C) zone of inclusions, also with a further pellicle, 

or 'cutan' of fine sediment, 

(n) early cavity lining of calcite, 

(E) latest phase of cavity infilling by ferroan 

dolomite. 

(field width2mm) 
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Plate 7.15 Summary of electron probe analysis of psi1ome1ane and 

iron oxide cements in the Pennan Sandstone. 

E. Electron L~age showing the distribution of 
psi1ome1ane (llght), and iron oxide (dark). 

(field width 0.1 ~~) 

A. X-ray image showing the relative distribution 

of Fe. 

13. . X-ray image showing the relative distribution 

of Nn. 

c. X-ray image showing the relative distribution 

of Ea. 

') 

D.' Line scan from X - Y on electron image demonstrating 

the abundance of Fe / Mn / Ba, and indicating the 

relationship bet",een MIl and Ba, in contrast to the 

inverse relationship of Fe to r~ / Ea • 

. . 
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